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Office of the State Gbolooical Survey, 
Lansing, Michigan, Dec. 31, 1901. 

To the Honorable the Board of Geological Survey of the State of Michigan: 

Hon. a. T. Bliss, I^resident, 

Hon. p. H. Kelly. 

Hon. Delos Fall, Secretary. 

Gentlemen — ^l"ou have deemed it wise for me to make my annual 
report more full than usual this year,* and include therein reports of 
progress that shall give the chief results of the work, in regard to a 
number of scientific and practical matters which cannot be published 
in more final form for some time. Inasmuch as this involved more work 
and a start upon the report before the end of the calendar year the 
details of business and finance are placed at the end, to which they 
could be added at the last, .^r V \m, \ , ^^ . ""V » *,» i- fv\\L i, .;_ 

The work may be conveniently treated as heretofore by areas and by 
subjects, the units of area being in general counties. The counties upon 
which we are at work will be taken up in the order in which they have 
been taken in hand, but when we expect in the near future to have the 
report ready, the account of the state of the work will not be so full. 



* My two previous annual reports were short, and contained not much matter of scientific 
interest, so that I did not recommend them to be printed by the State. They will be found, 
however, practically complete. In the Michigan Miner for February. 1900, and January and 
February, 1901, the publisher, Mr. (». B. Schaefer, furnlshinir 500 reprints to the Board. 



TUSCOLA COUNTY. 

Prof. C. A. Davis, of Aliua College, who has been preparing the report 
upon Tuscola county, has been transferred to the chair of forestry at 
the State University, a place for which his knowledge of geology and 
botany, on the relation of which to forestry I elsewhere touch, especially 
fits him. 

The necessarv duties involved, and some brief but verv fruitful studies 
on the origin of our marl deposits from a botanist's standpoint, showing 
the important part which Chara has played therein, have delayed his 
report. In its surface conditions Tuscola county consists of strips 
running northeast and southwest. The northwest corner is a fertile 
and recently emerged lake bottom mainly of clay with superficial sand 
ridges. Then from the northeast corner between Gagetown and Cass 
City there is a tongue of rolling till. Then the valley of the Cass is 
very largely sand and boulders washed from the ice, or deposited by 
the great stream which once occupied the Cass valley.* Finally in the 
southeast corner we come upon some deeply cut rough till country once 
more. 

Recent explorations about Vassar, while showing that coal is there, 
have not found it in quantities enough to warrant mining. 

The beet sugar factory at Caro has found a large flow of water in 
the Napoleon sandstone, as. I told the driller he might expect. This 
sandstone comes next .underheath the drift in the southeast part of the 
county and dips gently to the west. It will generally furnish a good 
supply of water but poorer qualities of watei^that sometimes occur above 
it will have to be cased out. 



SAGINAW COUNTY. 

The preparation of the report on this county has been in my hands 
personally. I will not plead pressure of other duties for delay in its 
ap[)earance though I have not been idle, but the reason why I allowed 
other matters to interfere have been as follows: 

There are no outcrops of bed rock in the county, and therefore the 
geologist is dependent almost entirely upon information furnished him 
by exploring companies. Certain of the companies have been very gen- 
erous in furnishing material, and others have been equally generous in 
promising material, whi<'h, for one reason and another, it has not been 

• See Report on Huron and Sanilac counties, Vol. VII. 
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convenient to give as yet, while in the meantime records have been 
steadily accumulating. One of the things I am most anxious to do in 
Saginaw county is to prepare a map of the bed rock surface. This is 
of importance for coal mining, as the danger of mining into old channels 
is not inconsiderable. 

It seemed wise to wait therefore for this material, so as to make the 
report on the county fairly complete, rather than to issue one which 
would be out of date before it could be released from the hands of the 
printer. But in the meantime I have tried to give publicity to some of 
the more important economic results. Much of the material regarding 
the coal of the county will be found in my coal report.* 

It will be noticed that I find seven coal seams, three of them at least 
important enough to work. The two upper or Verne seams are higher 
in sulphur and volatile matter. The lower or Saginaw is higher in 
moisture, but very low in ash and sulphur, and there are likely to be 
lower seams. 

In another place in this report under the head of prospects for oil 
and gas, will be found an account of the upward flexure of the Napoleon 
sandstone near Saginaw which seems to exist. This sandstone seems to 
have little if any rise when followed from north-northeast to south- 
southwest, but probably falls quite rapidly to the west. 

The soil of the county is prevailingly clay. In some places patches of 
clay till are left bare and there are also areas of river silt and of sand, 
but the latter is not usually very deep. The sand is generally more 
than eighteen feet above lake level, and a large part of the county is 
below this. 

Another reason for not pushing the publication of the county report, 
is that I found it would be well to wait until the contours of Bay county 
were adjusted before preparing the contour map. I have, however, 
studied carefully the altitude of the East Saginaw datum, and found it 
to be 582.3 A. T. (supposing that the Ignited State Lake Survey Plane of 
reference at Milwaukee, known as Highwater of 1838, is 584.38 A. T.), 
with a probable error of (tnly two or three hundredths of a foot, and 
no perceptible change in altitude (of two-tenths of a foot, say) in the past 
forty years. With the help of Mr. Charles Holmes, I have been able to 
refer all the levels about Saginaw, and the profiles of all railroads 
mining into it to this datum. This matter is treated of later under 
elevations. 



BAY COUNTY. 

The field work of Bay county, which has been mainly in the hands of 
Mr. W. F. Cooper, is practically complete. In this county, which is also 
flat, over |10,000 worth of drain levels are said to have been run. Owing 
to political vicissitudes much of the work is said to have been re|)eated 
twice. To get the full benefit of the many miles of accurate levelling it 
was, however, necessary to run some thirty-five miles of levels to tie the 

• Van 11 of Vol. VIII. 
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various system levels. For this we employed Mr. J. H. Blomshield, 
former city engineer, and the Mr. Cooper has been employed much of 
the time in adjusting these levels. 

The soil map of the county is now complete. Mr. F. D. Owensj of the 
M. A. C, has made some special studies of the waters, and we have also 
assisted another Agricultural College student, Mr. Gr. M. Bradford, who 
is studying botany. 
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county and on the Au Sable river is purely a myth as far as actual speci- 
mens produced, and copper in Arenac county is drift material of no 
significance. The rumors regarding coal are of such a character as 
deserve careful discussion and will follow in this paper. The true 
mineral wealth lies in extensive deposits of limestone, gypsum, building 
stone, brine bearing rocks, marl and clay. 

§ 2. Limestone. 

The limestones of this region are of special interest to those desiring 
stone for burning, hydraulic cement, road ballast and beet sugar manu- 
facture. The formations outcropping are the Upper Grand Rapids or 
Maxville limestone, and the Lower Grand Rapids of the Michigan series. 

In Arenac county the point of contact of the Maxville limestone and 
the Lower Grand Rapids group is on the shore of Lake Huron, five 
hundred feet north of the northeast corner of Sec. 24, T. 20 N., R. 7 E., 
north of Harmon (Mty. At this point the banks ai'e fifteen to twenty 
feet high. The entire ledge shows the effect of lake action and the fol- 
lowing section is well exposed: 

4 feet clay or till. 

*^^ feet red clay, with particles of lime. 

114 feet white clay. 

:i inches chertv limestone. 

5 inches cherty limestone and sandstone closely interstratilled. 
1 inch shale and brownish limestone. 

8 inches limestone. 
(> inches brown sandstone. 
41/^ feet bluish gray sandstone. 
10 inches arenaceous limestone. 
5 feet bluish sand, becoming hard in lower la^'ers. 

The strata are quite irregular as the thickness of the limestone varies 
and, as Winchell has noted, the dip from this point seems to be north 
and south. 

Going north one-eighth of a mile on the lake shore from the above 
outcrop to the old Whittemore test shaft, we find the limestones are 
blended into brownish sandstones and the layer of bluish gray arena- 
ceous sandstone increases in thickness. At the test shaft we find the 
first evidence of gypsum, which is directly underneath the lower layer 
of bluish arenaceous sandstone in a stratum of ly^ feet thickness, 
which is crumpled and folded with thin seams of argillaceous limestones. 
From this point north on the shore to Alabaster the lake sand covers 
all evidences of outcrops. At the above shaft, a 10-foot bed of gypsum 
was found, but the project was given up, because the inflowing water 
was troublesome. On the lake shore near the county line of Arenac 
and Iosco are found numerous sink holes which are very indicative of 
a good gypsum bed beneath. Off shore from this point in fifteen feet 
of water are seen white beds of g^-psum. being part of the lower bed 
worked at Alabaster and the one penetrated by wells at Au Gres and 
Turner. 

Returning to Arenac county and following north line of Sec. 24, T. 20 
N., R. 7 E., from lake shore one and a quarter mile west to the old quarry 
of Harmon and (,'rowell, this exposure is found: 
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G to 12 inches of boulder clay. 
G inches arenaceous limestone. 

9 feet bright grajish limestone, top of which is filled with flint nodules 
from 3 to 5 inches in diameter. 

It is said that the number of nodules hindered the working of this 
stone. In 1888, Pollock opened a quarry IGO rods south and west of the 
first one and the following section is claimed to have been passed: 

1 foot clay. 

5 feet limestone, suitable for burning. 

1 foot sandstone. 

G feet limestone, brittle and used for building purposes. 

The hard fiint nodules were absent from this quarry and some very 
fair building stone has been secured here. 

Harmon and Crowell also opened a quarry in the southeast corner of 
Sec. 24, on the lake shore, here one and one-half feet of good limestone 
was secured, covered with greenish black shale. This is the White Stone 
Point limestone, covered with the shale which outcrops at Harmon City. ' 

The limestone ridges in which the above quarries were opened, com- 
mence near the northeast corner of Sec. 13, T. 20 N., R. 7 E., and extend 
southwest into southeast corner of Sec. 14, and then southerly to the 
center of Sec. 23. Here the ridges are broken, for they do not appear 
again until we reach the north line of Sec. 26, where a few acres are 
exposed, and in Sec. 27 the same is again exposed in the southwest part 
of Sec. 27 at the house of W. M. Davis. 

At White Stone Point an exposure of brittle grayish limestone occurs, 
which is in 6 inches of water and extends out into the lake for over 
200 feet at a depth of not over four feet. A careful examination of 
this region, esi)ecially southwest of Harmon City, might reveal a ledge 
of fair thickness and quality suitable for hydraulic cement, building 
purposes or lime burning. 

At Point Au (Ires low calcareous lodges of an arenaceous limestone 
occur nearly half a mile in width along the water's edge. Nowhere is 
the outcrop over 8 feet above the lake. Here are exposed 5i^ feet of 
arenaceous limestone with streaks of brownish sandstone. Calcareous 
<»oncretions are found which closely resemble those found in the Griffin 
<iuarry at Onier. The lower bed is a brittle light gray limestone, con- 
taining some few fiint nodules and mussel-like shells. Much stone has 
been removed from this place for building purposes, but none used for 
burning lime, as it is considered too sandy. 

The al>ove outcrop apparently goes to the northwest, for indications of 
its presence are found near the center of Sec. 3G, and also on the west 
line of the same section. In the northeast corner of Sec. 27 a well- 
defined exposure occurs west of the schoolhouse. The beds are fiat, 
only the top layers being exposed. The course is to the northwest from 
this place. The top bed is five inches of grayish brittle limestone, then 
a brownish sandstone, of three to four feet thi<*kness, then seven feet of 
a dark grayish limestone. These sections are made from a well which 
passes into the rock at William Mackin^s house west of the school. 

Following to the northwest we find a large outcrop of eighty acres 
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extent east of the center of Sec. 17, T. 19 N., R. 6 E. Mr. Omsted of 
Au Gres opened a small quarry in southwest corner of this section a 
number of years ago, and used the stone for the foundation of Mr. 
Grirapre's house at Au Gres. It is believed that this stone is too 
arenaceous for burning. Mr. Omsted tried burning, but found that the 
lime was not suitable for use. 

If the outcrop is traced still farther to the northwest, in See. 1, T. 19 
N., R. 5 E., an excellent exposure exists. Starting east of the center of 
this section and running to the northwest corner, the limestone forms 
a distinct ridge of 25 feet height and one-eighth of a mile in width. At the 
east end of the ridge, Mr. Thomas Burt has had a small quarry opened 
for several years, and is burning a very satisfactory lime for general 
purposes. On the top of a six-inch layer of argillaceous sandstone are 
large angular blocks of limestone which are used for burning, and 
underneath the sandstone is a good limestone, which has been but little 
used. Near the west end of this ridge is GriflSn's quarry, where material 
has been taken out for road ballast. The following section will repre- 
sent the average formation of this quarry : 

^ foot clay. 

4 feet limestone of varying quality. 

Many nodules, containing calcite. 

Irregular pipe-shaped lime segregations. 

2 feet argillaceous sandstone with many ripple marks. 

1 foot brownish sandstone. 

2 feet calcareous sandstone. 

The lower beds are limestone, as has been shown by core drilling. 
The following analyses of the Omer limestone have been made by 
Dow Chemical Company: 

Sample 1. Sample 2. Sample 3. 

SiO, 8.86 0.92 24.67 

(FeAl)A 94 0.43 .80 

CaCO. 96.74 

MgCO, 1.05 



This ridge of limestone ends in Sec. 11, east of the Detroit & Mackinac 
railroad, on Mr. Parker's farm. . Lime has been burned here for several 
years, and it is of an excellent quality. The limestone used seems to be 
from the lower beds of the Griffin quarry, which is east one-eighth mile 
and is 15 feet higher. 

Continuing in a northwest direction to the center of Sec. 35, T. 20 N., 
K. 5 E, here limestone occurs in a larger raised area of 150 acres extent, 
with but few feet stripping in places. Only the upper beds are exposed 
and in many places large angular blocks of limestone occur. The 
(|uality of this stone for burning will compare favorably with that found 
in Burt's quarry. On several of the older buildings at Omer this material 
was used and is still in good condition. 
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There are rumors of outcrops in the region of Sec. 30, T. 20 N., R. 5 
E. This is not improbable for one-half mile west rock is within 15 feet 
of surface. East of Arenac postoffice a field shows indications of a 
small extent of limestone near the surface. Mr. Stewart has 'made 
several small test pits and found the stone, but the wells of the near 
vicinity fail to show the stone to be of any considerable extent. A 
typical specimen from Arenac was analyzed with the following results: 

CaCO, 94.8 

Magnesia 1.1 

Iron and aluminum .9 

Insoluble 1.7 

Organic Matter by difference 1.5 



100.00 

In loscp county in Sec. 30, Burleigh township, at the old Keystone 
dam is an extensive outcrop of Maxville limestone. The following 
strata are exposed: 

2 feet gray, brittle, hydraulic limestone, bottom layer filled with flint 

concretions. 

3 feet arenaceous limestone, with lime concretions of irregular shape. 
1 foot brittle, whitish limestone, with brownish streaks. 

4 feet grayish free stone. 

The upper layer has been analyzed with the following results: 

SiO, 6.32 

Fe, 0„ Al, O, 3.19 

Ca CO, 89.10 

MgO 71 

H,SO, 00 

Loss on ignition 36.06 

This would be quite suitable for general lime burning. Its low per 
cent of iron and magnesia would make it suitable for hydraulic cement 
in connection with some suitable clay. 

The contact of the Maxville limestone and the Lower Grand Rapids 
is clearly shown at the junction of the Cranner creek and Johnson 
creek in Sec. 30, of Burleigh township. 

The limestone found at the old Keystone dam extends across Sec. 29 
at some 15 to 20 feet underneath the drift. Rumors of exposure in 
Sec. 27 and Sec. 34 have not been verified, but do not seem improb- 
able. In this township, in section one, one-quarter mile north of 
Detroit & Mackinac railroad bridge, across the An Ores river on the 
west bank, is a small outcrop of the brittle light-colored limestone, of six 
inches thickness, and underneath is 10 feet of bluish and brownish clay 
shales. 

§ 3. Oypsum. 

The northern part of Arenac, the adjoining territory of losoo and 
the southeast part of Ogemaw furnish some excellent outcrops of 
gypsum. This is because the drift is not thick over the underlying 
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rocks and then this region is the natural outcrop of the Grand Rapids 
group. 

The most extensive exposures of the Lower Grand Rapids beds are at 
Alabaster in Iosco county. The beds comprise an available working 
area of over 480 acres and have an average thickness of 23 feet. In 
reality, two beds are present, as where this was worked in earlier years 
a layer of hard fossiliferous limestone and a small stratum of shale were 
between the two beds, but on working into the deposit the shale and 
limestone have entirely disappeared. The stripping is stiff boulder clay 
of 10 to 12 feet in depth. The face of the exposure has been opened 
for more than a quarter of a mile in length. The beds dip slightly to 
the southwest and the surface shows the small ravines due to solvent 
action of w^ater. At the Alabaster quarry a large force of men are 
employed in quarrying, grinding and calcining. 

The impure gypsum, which is mixed with clay and colored with iron, 
is sold for land plaster. The variety which is streaked like castile soap, 
with irregular seams of clay, is shipped to eastern markets, where it is 
made into Mexican onyx. The purest gypsum is ground, heated and 
converted into familiar plaster of paris. The larger part of the staff 
material used for the World^s Fair building and at the Pan-'American 
came from this quarry. 

A 00-foot shaft was sunk several years ago by the Alabaster Company 
to determine the condition of the lower beds of their deposit. The 
underlying rock of the quarry is a bluish gray sandstone alternating 
with hard cherty limestone seams. At different de])tli8 several small 
beds of gyi)sum occur, the largest one nearly five feet thick, and at 85 
feet depth. 

At 90 feet a strong flow of water occurred, which stopped further 
work, and it is quite probable that this represents the bottom of the 
Grand Rapids group. 

In Sec. 28, T. 22 N., R. 6 E., one-eighth of a mile north of the old 
Glendon dam on the east bank of the Au Gres river is a cut which 
exposes the following section: 

One foot clay; four and a half feet gypsum, top layers very pink; three 
inches roughly foliated limestone and sandy limestone interstratified; 
two feet yellow shale; three feet bluish grayish arenaceous shale. 

From the sink holes in the vicinity, and the fact that gypsum occurs 
on ridges, a careful test of this place with a drill might reveal a greater 
thickness than is shown in the cut. 

On the Au Gres river, in Sec. 27, T. 22 N., R. 5 E., the river bottom in 
the southeast corner of the section is covered with a bluish gray arena- 
ceous shale, which is so closely as80<*iated with the gypsum dei)osits of 
this region. Northwest, a quarter of a mile from the southeast corner of 
this section, a three-foot bed of gypsum occurs in bank of the Au Gres 
river. This is covered by two feet of sandy limestone and underlain by 
the blackish shales. 

Following the Au Gres river through the sections of the southeastern 
part of the above township many small beds of arenaceous shales are 
found. A number of sink holes in section :^6, outcrops in sections 24 and 
12, are reported but have not been found. 

At Whittemore, in Sec. 10 of 21 N., R. 5 E., is a well which penetrated 
several beds of gypsum at 50 feet and 170 feet. Xorth of Whittemore, 
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at Mr. Armstrong's house, beds of gypsum of five and seven feet thick- 
ness were passed at 90 feet and- 130 feet in drilling for a flowing well. 

In this same township, in section 20, southwest of Whittemore,on Cran- 
ner's creek west of its junction with Johnson creek, is a deposit of light 
rose-colored gypsum in the bottom of the creek. The masses are here 
exposed for 200 feet along the creek bottom and are covered by a bluish 
grayish shale with streaks of arenaceous limestone. Careful exploration 
of the high clay bluffs of this region might reveal a bed of sufficient 
quality and quantity for working. 

Where the Detroit and Mackinac railroad crosses the east side of 
section 36 of this township, a large floater of gypsum occurs on the west 
side of the track. This did at one time show in the railroad cut, three feet 
from the surface. Some prosi)ecting to the northeast might reveal the 
ledge from which this rock was brought by glacial action. A large sink 
hole occurs at this point and a small creek empties into the cavity. A 
drill test in this place might prove that the gypsum was from the under- 
lying rock. 

At Turner, in Arenac county, in digging surface wells large boulders 
of gypsum are found. In digging shallow wells of 25 feet depth it is 
not uncommon to take out of the solid clay nearly one-halt of a ton of 
gypsum boulders. The water of a flowing well at the schoolhouse in 
Sec. 8, T. 20 N., R. 6 E., which is east of Turner, gives a strong test for 
gypsum. Near the corner of section nine, of the same town, Mr. Clukey 
drilled a 235-foot well and passed eight feet of gypsum at 95 feet. In 
Turner, near the Detroit and Mackinac depot, is a well of 300 feet depth 
and a very strong flow. The record of the well shows gypsum of five feet 
thickness at 64 feet. Mr. M. H. Eymer of this place has a well of 105 
feet depth, and at 50 feet passed a 12-foot vein of gypsum. 

Several years ago, Albert Hann opened a 36-foot pit east of Turner 
in southeast corner of section eight. The following section was passed: 

25 feet clay. 

3 feet bluish grayish arenaceous shale. 
iy2 feet gypsum. 
5 feet hard, flinty limestone, with small seam of gypsum. 

Mr. Hann did not continue the work because at this depth a large 
flow of water occurred and hindered further work. 

At Twining, in drilling the flowing well of William Lilleberger, a 
vein of gypsum was found at 25 feet, but its thickness has not been 
carefully observed. In Mr. Barr's well, on section 25, which is south one 
and one-half miles, a 10-foot vein of this same rock was encountered at 
20 feet, and the water of several wells in the near vicinity is very bitter, 
giving with Ba CI, solution a strong precipitate of Ba SO4, which is a 
proof of the presence of gypsum in the water. Mr. Barr states that the 
mineral comes to the surface 40 rods west of his house, but this 
outcrop has not been found. There is no question but what a bed of 
gypsum of fair thickness underlies the region of Twining, Turner and 
Turtle. Its value for mining can be determined by careful work with a 
drill. 

In Au Ores, Mr. Bradley has a well through 10 feet of gypsum at 50 
3 
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feet depth. On Mr. Grimore's farm, one and one-half miles north of 
Au Gres, the rock is found at 40 feet. 

The outcrops of this formation have a limited area in this region and 
no evidence of gj-psum of the Grand Rapids group outcropping have 
been found north of a line connecting Tawas City and West Branch 
and south of a line between ^Yest Branch and Au Gres. Gypsum is found 
in the deep wells of the Saginaw valley, but the above statement refers 
to a region in w^hich a search might reveal the rock in suitable condition 
for practical working. 

Judge Sharpe of West Branch is the authority for the statement that 
three and one-half miles east of West Branch on the Rifle river is an 
outcrop of gypsum, which several years ago caused much excitement 
from its size and purity. No careful exploration of this bed has been 
made and at present it is undeveloped. 

§ 4. Coal. 

Rumors of coal are very frequent from Arenac and occasionally from 
Ogemaw and Iosco. At present it is not doubted that these counties 
lie on the border of the Michigan Coal Measures and the Michigan 
Series. The location of the bottom of the coal measures is a matter of 
commercial importance to these counties. The field has been carefully 
examined and these conclusions will aid those who desire to save expen- 
sive experiments in testing for coal. From Dr. Lane's examination of 
the coal in the Bay Cit^' and Saginaw region he has found that the coal 
lies in a large basin, in which the lower veins are less extensive than 
the upper seams nearer the surface. At the edge of the basin we would 
not find the deeper beds at all, for they extend only a short distance out 
from the basin's center. It is obvious that deep drilling at the rim 
would fail to reveal the lower beds of coal and would penetrate the 
Michigan series and Marshall sandstone. 

The first reports of coal in this State came from the southern rim of 
the basin at Jackson and the northern edge at the Rifle river. Mr. 
Bennett, a Pennsylvania coal miner, was first to explore along the river. 
Bennett and Kinney prospected in 1875 and sold their claims to a Bay 
City company. This company sunk a test shaft, known as Bennett's 
shaft, in T. 19, R. 4 E., Sec. 3, N. W. 14 of N. E. 14 on the south side of 
the Rifle river. 

In this shaft, according to reports, black shale and coal occurred at 
18 feet. This is apt to be correct as far as the shales are concerned, 
for the shaft was located on a clay terrace 15 feet above river. bed, 
which contains an outcrop of bituminous shale. The entire depth of 
this shaft was 27 to 29 feet. The upper 14 feet was a loose drift, then 
three feet of hard calcareous rock, then three feet of hard black slate, and 
lower seven feet all "cannel coal," which of course is incorrect, as shown 
by the way the coal burns. At 28 feet this shaft was drifted north 20 
rods under the river and a large quantity of the hard black shale 
removed. 

Many attempts were made to ship this coal, several car lots were 
draw^n to Sterling and given a trial on the Michigan Central. It was 
found to have too much ash and smoke. A large raft was loaded with 
intention of shipping to Omer, but the project was hindered by the 
rapids in the river. 
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The coal taken from this shaft seemed to be of two kinds, one quite 
bituminous and breaking into blocks, the other a shaly coal of lighter 
color and more ash. After experimenting some time the company allowed 
work on the shaft to cease until McLean, of Bay City, in 1879 pumped out 
the standing water and after a careful examination sunk a shaft 60 rods 
to the southwest of Bennett's shaft on a high terrace south of river. 
After passing through 60 feet of sand the venture was given up anA no 
coal was found. No work was done on the shafts until Mr. Sovereign, of 
Bay City, pumped the water from Bennett's shaft in the fall of 1899 and 
made a drilling in the bottom. Borings have been made on the north 
side of the river opposite Bennett's shaft and gave 25 feet of drift and 

20 feet of sandstone, with no signs of coal. Mr. Ortman, of East Sagi- 
naw, made a boring on the north side in this same location and found 

21 feet of drift, then sand rocks, blue shale and black shale to 190 
feet, but no signs of coal.* In the southwest corner of Sec. 2, T. 19 N., 
K. 4 E., which is three-fourths mile southeast of Bennett's shaft, a test 
was made, rocks, sand and shales were found under 60 feet of drift 
material at 100 feet, and no positive signs of coal. Mr. James Bamsdell, 
of Bay City, tested in Sec. 10, T. 19 N., R. 4 E., and found: 

75 feet sand. 
10 feet clay. 
7 sand rock. 

And from this point to 200 feet — , shales, fire clay, and at last the under- 
lying limestone. It may be that the shales found will prove small beds 
of coal, but no extensive beds are shown by the actual tests. 

Mr. Stevens, of Omer, dug in river bottom, 14 feet through shales and 
slate to fire clav, and made a small shaft into the river bank some 25 
feet in length. From these indications he sunk a test shaft on the south 
bank of the Rifle river in Sec. 8, T. 19 N., R. 5 E. This shaft shows the 
following strata: 

12 feet clay. 
12 feet shale. 

6 feet fire clay. i 

5 feet shale, very hard. 

1 foot coal (Cannel). 

1 foot fire clay. 
10 feet soft shale. 

1 foot coal. 



48 

The lower coal is block coal and is an excellent quality of steam coal.f 
Coal of the upper seam contains much sulphur and other mineral con- 
stituents and could not correctly be called cannel coal, as only very small 
seams of the highly bituminous coal occurs in the foot vein. The upper 
seam dips to lower seam, which is apparently horizontal ; if the two meet 
a fair amount of coal would result. Mr. Sovereign pumped water from 

• Micbigan Geological Survey, Vol. Ill, page 142. 



See Analyses in Vol. VIII, Part II. 
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this shaft in spring of 1900, and an expert miner of Bay City made an 
examination. The coal of upper shaft was pronounced good; it was not 
possible to examine the lower vein. Mr. Stevens drilled in bottom of 
shaft 122 feet and passed the slate and stopped in hard shales, which is 
no doubt the limestone of the lower formations. A test drill hole was 
made 25 rods south of this shaft and no coal reported. Mr. Stevens' 
shaft is located south of Rifle river in N. W. 14 of N. W. i/i of Sec. 8, T. 
18 N», R. 5 E., and the coal found here is evidently a pockety formation. 

At Deep River in 1875 Mr. Stevens, of Bay City, made a 120-foot test 
hole, and found such fair indications that he sank a 106-foot shaft, which 
gave: 

20 feet drift. 

10 feet clay. 

53 feet sandstone. 

20 feet shale. 

. 1 foot coal. 

2 feet shale. 



106 



The abundance of water which flowed into the shaft from the top of the 
sandstone is said to have made the project a failure. The wells one mile 
east of Deep River station reach the sandstone at 10 feet to 20 fe^t, and 
the bed of Deep river two miles east is a white friable sandstone, full 
of small pieces of coal, and in places showing thin seams of black shale. 
To the northwest of Deep River station in Sec. 29 rock is reached at 75 
feet, and in a test hole near the center of this section a small vein of 
black shale was reached. At Sterling it is 85 feet on the average to 
rock through the clay. At Culver, on the Michigan Central, Mr. John 
Dunn tried to secure a good supply of water for a mill and stock by deep 
drilling, but was unsuccessful. It was 300 feet to dark bluish shale, 
and going 200 feet into the shale gave no water. In Ogemaw county, 
T. 12 N., R. 1 E., three tests have been made, and in each case sections 
show plainly that the regions is well out of the coal basin. To try costly 
exploration for coal north of range 21 north would be a needless ex- 
penditure of time and waste of money. Dr. Lane suggests as the place 
for commencing preliminary explorations for coal 10 to 15 miles from 
the limits of the basin. ' This would make the region of Standish and 
Saganing quite likely to yield results. 

At Omer a rich black bituminous shale is found in many of the drift 
wells. Mr. Sanderson's well west of the village is a fair example of this 
class of wells; shale was found in small seams on top of white sandstone. 
In excavating for the abutments of the Detroit & Mackinac railroad one- 
eighth of a mile below Omer some two feet of rich bituminous shale was 
found directly above the sandstone which covers the river bottom for 
some distance below Omer. Ko practical use can be made of shale with- 
out a roof. Mr. Gore drilled on the east bank of the Rifle river below 
the bridge at Omer and passed sandrock, shale and limestone. The flow- 
ing well near the postoffice in this town passes some 40 feet of shale 
down 50 feet. Mr. Menzer, in the southern part of town, reached a 
twenty foot vein of shale at 60 feet. None of the deep wells north of 
Omer reveal any positive sign of coal, although in some of the deeper 
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wells at Tawas, Whittemore and Hale a shale is passed which belongs 
to the Michigan series, and has no relation to coal measures, and has led 
many to a strong belief in a rich deposit of coal. The strong ridge of 
limestone from Point Au Gres to the northwest (as described on pages 
13 to 15) marks the northern rim of the coal fields. 

§ 5. Water Supply. 

At the present time one of the problems which confronts the manu- 
facturers of this region is fuel for steam production. This was 
a question of no consideration in the days of abundant pine refuse from 
the mills, but today a supply of fuel will give a new lease of life to many 
of the small towns which were established during the period of a large 
lumbering business. 

The development of coal mines has given encouragement to the manu- 
facturing interests of Saginaw and Bay City. The regions north of the 
coal fields will eventually have to utilize the abundance of water power 
to be derived from the many creeks, lakes and streams of this region. 
At the present time long distance transmission of power has been so 
perfected that it is not impossible to utilize the power of all the rivers of 
a county. 

The Kifle river is especially suited for furnishing abundant water 
power. For miles this river flows between high clay bluffs, which would 
render damming easy, and only a small area of land would be lost by 
flooding. In Ogemaw county, T. 21 N., R. 3 E., Sec. 9, the Rifle river 
flows over sandstone ledges for more than a mile. The remains of an 
old lumber dam exist one-eighth of a mile north of the iron bridge which 
is near the southeast corner of the above section. A head of 10 feet 
could easily be secured here, and with careful construction, for the river 
bed is sandstone and the banks solid clay, it would be possible to in- 
crease the head to at least 15 feet with an abundant supply of water. 

Going down the river from this point to Isle Rapids, one-quarter of a 
mile west of the southeast corner of Sec. 28 of the above town, the fall 
is (771-720)* about 50 feet. In Sec. 28 occurs rapids three-quarters 
of a mile in length over beds of arenaceous limestone. The place would 
afford a head of at least 10 feet. 

Where the abandoned line of the Detroit & Mackinac railroad crosses 
the Rifle river in Sec. 12, T. 20 X., R. 3 E., the elevation is 693* feet, mak- 
ing a fall of 27 feet from Isle Rapids. Wells creek flowing into the 
Rifle river in section 19 of the above township, brings in a constant 
volume of water. The river below the creek's mouth is 100 feet wide, 
averages three feet deep, and has a current of four miles per hour. Clay 
banks 40 feet high would afford solid anchor for dam. From the old rail- 
road crossing down river to the mouth of this creek there is a fall of 
eight feet (093-685). 

In T. 19 X., R. 4 E., east part of section three, a dam w^as built by a 
lumber company for flooding river. This is 250 feet long, solid clay banks 
with bed rock forming the foundations. A fall of 15 feet occurs and is 
the average for tlie year. Much trouble lias i^esulted from spring 
freshets. The top of the dam has an elevation of G81 feet A. T., bottom 
666 A. T. and a fall of 22 feet from the mouth of Wells creek. Rapids 
occur in river bed in many places below the dam. In the northeast 

•Above tide line (A. T.) ; Lake Huron is 580 feet above It. 
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corner of section one, near the town line, is a favorable site which would 
furnish abundant i)ower for a small flour mill which could draw on the 
region around Melita for flour, feed and custom work. 

At Omer a saw and flour mill are operated by water power. A strong 
steady head of 13 feet is maintained for the year. The elevation of top 
of dam is 608 and the bottom is 51)5. The bottom of river is soft sand- 
stone and shale. The old Rifle river canal in the west half of Sees. 36 
and 25 of T. 19 N., R. 5 E., which extends from the river to Wigwam 
bay has a fall of 15 feet in one and a half miles. Mr. Ohesbrough, a 
prominent lumberman of early days, cut the canal for log driving, and 
it was unsuccessful on account of the large amount of sand encountered. 

Some of the larger creeks flowing into the Rifle river could be utilized 
for small power. Wells creek at Alger would afford sufficient supply for 
an overshot wheel for a small mill. Silver creek and Manfield's creek 
would yield power on small scale. 

The west branch of the Rifle river could be relied upon for at least two 
dams of ten foot head and 75 to 100 feet in width. The east branch of 
the Rifle river near the north line of T. 22 N., R. 3 E., would provide 
power for several small mills. 

Lake Ogemaw, a glacial lake which is two and a half miles northwest 
of West Branch and is 175 feet above the town, might at some future 
time furnish the place with a source of pure water supply and some 
power. In the basin of the Rifle river a large number of these glacial 
lakes are found with great variation in elevation. Power could be 
obtained in many cases by cutting canals. 

The Au Sable river, in Crawford, Oscoda, Alcona and Iosco counties, 
from a short preliminary examination reveals an abundance of power. 
In the rapids in T. 24 N., R. 7 E., a fall of over 50 feet occurs in four 
miles. Several very advantageous sites for dams occur in the above 
township, and it is believed that places would yield 2000 horse power. 
The extent of the drainage basin, the number of tributaries, the con- 
stant volume and the average velocity with the high terraced (*lay bluff 
form a stream which will repay careful investigation by those interested 
in cheap power. 

The Pine river, in Arenac county, while a small stream, of which not 
over 10 miles could be used for power purposes, has a fall of 44 feet be- 
tween Standish and Saginaw bay. A point near the southeast corner of 
See. 5, T. 18 N., R. 5 E., where the Pine river receives its south branch, 
would supply power for a small industry, as a creamery. The water sup- 
ply might fail during a part of the summer. At Deep River, on the Mich- 
igan Central, the north branch of the Pine river runs in a narrow valley, 
which affords an excellent location for a small dam with a head of at 
least eight feet. On the Pine river at Standish, ^fr. Xorn has a dam 
used for a log boom, and this has a head of eight feet, which could be 
increased enough to supply power for a small mill. 

The Saganing creek, in the southern part of Arenac county, is rather 
deficient in volume to expect much power, although a dam northeast of 
Worth where the stream begins to pass out of the old lake shore would 
furnish several farmers with power for a small feed mill. 

Tawas river, in Iosco county, with its source in a small group of 
glacial lakes near the southwest corner of Sec. 31, T. 23 N.. R. 7 E., passes 
eastward through the township l)etween high clay banks capped with sand 
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at the southeast corner of Sec. 24. At this point it has an elevation 
of 666 feet A. T., or about 84 feet fall to Lake Huron level. Mr. Rodman 
has a water power saw mill in section 24 with a head of 15 feet and has 
an abundance of water the entire year. At Tawas City the river has a 
fall of three and a half feet in three-fourths of a mile, and a breast 
wheel at a narrow point would furnish power sufficient for small 
machinery. 

In the northwestern part of T. 23, R. 5 E., lies a small group of glacial 
lakes very irregular in outline and each having a different elevation. 
The largest member of this group is Big Long lake, nearly two miles long 
and a quarter of a mile in width on the average. It is over 35 feet higher 
than Little Loon lake which is south a quarter of a mile. A connected 
channel would furnish power for a small feed and flour mill which the 
country needs. 

The Au Gres river, of Arenac, Iosco and partly in Ogemaw, is fed by 
a large number of small tributaries and a few glacial lakes. The river 
rises in Styles lake; three-fourths of a mile southeast a dam on the outlet 
has a. head of eight feet, and could be easily increased. At the junction 
of Hope creek and Au Gres river in Sec. 28, T. 22 X., R. 5 E., an average 
depth of one and a half feet of water and 20 feet width occurs. The 
banks are high and of solid clay. Much land would be flooded by a dam 
which would have a head of 10 feet. The river has an elevation of 655 
feet at the Detroit & Mackinac railroad bridge, two niiles east of Whitte- 
more. In Sec. 18, T. 21 N., R. 5 E., a lumber dam was constructed and 
the location is an excellent one for a small mill requiring a 10-foot 
head. The river between the crossing of the railroad above and the main 
line north of Turner has a fall of nearly 30 feet (055-620). It would not 
be possible to utilize the lower course of the Au Gres river for power to 
any extent, for the low banks would allow too large a tract of land to 
become waste and swamp. At the junction of Whitney creek and John- 
son creek, in Sec. 20, T. 21 N., R. 5 E., a head of 15 feet and a width of 
100 feet could be obtained, but summer would lessen if not destrov the 
power for two months. 

Near the center of Sec. 28, T. 22 N., R. 6 E., on the east branch of the 
Au Gres, the high banks and bed rock of the stream furnished a good 
lumber dam for flooding the river. The average width is 30 feet and 
depth one and a half feet, which could be made to give n head of 15 
feet. Between this point and the crossing of Detroit & Mackinac railroad 
at East Branch station there is a fall of 31 feet (671-640); this would sup- 
ply power part of the year at East Branch. Below this point the river 
banks are too low to ever allow much use of power. 

The value of the water supply of this region lies not only in the 
abundance of power but also in the large number of flowing wells which 
may be obtained in many places by careful drilling. An abundant sup- 
ply of pure water is essential for domestic purposes and is valuable in 
dairying, cooking and drinking. 

The underlying rock formations in this district dip to the south and 
southwest. Some of the rock strata are more porous than others, which 
fact enables them to become the source of underground water. The 
impervious beds above and below a porous stratum hold the water to the 
level of the lowest outlet and when the beds are penetrated in drilling, 
if the head is higher than the well a flow results. Then again flows are 
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formed by drilling through sand, gravel and clay on the slope of a 
moraine; the sand and gravel acting as the reservoir for the water. 
Wells of the last mode of formation are quite common near Tawas City 
and West Branch. Flows from the bed rock occur at Au Gres, Omer 
and. Standish. 

At Au Gres, Mr. Badour has a well which gives a strong flow; with 
traces of sodium chloride, calcium sulphate and some HjS. The depth 
of the well is unknown, but it is probably nearly 200 feet, and is near the 
bottom of the Michigan series. At one time a large bath house and hotel 
was supplied with the water. At present it is flowing freely and ought to 
be checked, because water having a strong flow will in time destroy or 
lessen its head. Flowing wells are easily obtained in the Au Gres 
country, and some of the enterprising farmers are taking advantage of 
the quality and quantity of water for dairy and stock purposes. The 
water is well suited for cooking and cooling purposes, having on an aver- 
age a,temperature of 50 degrees. Small flows are. obtained at 150 and 175 
feet. These yield a higher percentage of salts and the quantity of water 
is much less. 

At Omer a well of 315 feet depth serves the purpose of the town pump. 
It gives an abundant supply of water and did supply two small hotels. 
This well is into rock, and it is quite probable that it reaches the Mar- 
shall. The shallow wells of 35 to 50 feet are in the white sandstonei9 and 
black shales which furnish poor water in small quantity. Mr. Squires 
had a well near his store which contained so much H, S and sulphates 
that it was abandoned. 

At Standish the public schools and court house are supplied with wells 
which vary in depth from 50 to 230 feet. At present time only one well 
at the primary school building is flowing, although when these wells 
were seen all were flowing with a strong head. The deeper wells having 
no flow now had the stronger in 1899. The Wooden Ware Company has 
a 75 foot well which flows and gives water of the following composition: 

CaCO,— 2.52 grains per U. S. gallon, 0.043 parts per thousand. 

MgCO,=1.74 0.030 

CaS04=2.52 0.043 

Na,CO,=3.04 0.052 

Mr. Norn, of Standish, owns a 1900-foot well drilled by Mr. Coryell, of 
Bay City. The flow at present is very strong from a depth of 400 feet. 
Abundant brine was found at 1000 feet to 1300* feet but was easily ex- 
hausted. This well seems to have passed into the Coldwater shales, as 
at 1900 feet the bluish shales weixi found, but this is only driller's record. 
Dr. Grigg, of Standish, believes this to be a good mineral water and has 
a number of cases on record which compare favorably with effects of 
some of the standard mineral waters. 

At Turner and Twining flows are obtained at 90 to 105 feet. At the 
latter place Mr. Lilleberg has a flow at 90 feet which is medium soft 
water having a trace of sulphates and carbonates. South of Twining 
many of the farmers cannot obtain good water for domestic purposes; it 
is bitter and has an abundance of calcium sulphate which renders it unfit 
for cooking purposes. Mr. Eymer, of Turner, has a flow at 105 feet which 
is very hard water, coming from a sandstone layer in the lower Grand 
Rapids group. 

•Salt Inspector S. S. Garrlgues reports In 1880, that a 98 per cent brine was met at 1700 feet. 
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The large flowing well near the station in Turner serves the town for 
fire protection and is the strongest flow yet described. This well has a 
total depth of 250 to 280 feet. The water contains more sodium chloride 
than the shallow well and is similar in density and composition to deep 
well water of Omer and Au Ores. The well if not allowed to waste itself 
will furnish abundant water for years. At the schoolhouse in this town 
a flow is found at 130 feet, and is stronger in calcium sulphate and has 
a greater density than the deeper well. 

At Tawas City at least twenty flowing wells occur from 60 to 125 feet 
for the shallow flows and two deep wells at 700 feet and 800 feet. The 
shallow wells are on the "lake side of a water laid moraine" and do not 
reach rock. A gravel bed is the source of supply and the wells vary 
greatly in the quality of water, those at 90 feet being very soft, those at 
50 to 75 feet showing much calcium sulphate and calcium carbonate* 
The rock is reached at 95 feet, and wells into the rock give hard water. 
The wells at the public school and the German school are very strong 
flows. The latter is the deeper and softer, the former is hard. At ten 
places within this village are strong flowing wells, and the majority of 
the flows are allowed to run with no check. Such a valuable water sup- 
ply ought to be carefully protected from exhaustion and not allowed to 
run when unused. A more careful report of this region is to follow. This 
area of flowing wells extends south and north of Tawas City, and only a 
small distance east and west. At East Tawas the wells are very difficult 
to obtain and only a very few weak flows have been found by drilling shal- 
low wells. The deeper wells of Tawas City were originally bored for 
salt, and at the present time these have strong flows on the sites of 
former extensive saw mills and salt blocks. Where the Gaus hoop mill 
stood south of Tawas City the well is very strong in chlorides, sulphides 
and hydrogen sulphide. A similar well occurs a short distance west of 
Mr. Peter Evertz's store. The percentage of hydrogen sulphide is so high 
in this well that the characteristic odor is clearly recognized by those 
in the near vicinity. A combination of waters taken from different 
depths in this region might make a mineral water of commercial value 
and lead to the establishment of a sanitarium. 

At West Branch a large number of flows exist at 60 to 80 feet for shal- 
low flows and 200 to 240 feet for stronger flows. The deeper are in the 
bed rock and are very constant in volume, while those of the lesser 
depths are in gravel beds and quite irregular in quantity. 

The value of this cheap method of water supply will undoubtedly lead 
many people to try for flows. Some regions are suggested in a brief 
way which might be made to yield a flow. In the vicinity of Glennie, 
Curtis and West Greenbush, of Alcona county; east of Prescott and 
south of Sage Lake, in Ogemaw county; in Arenac county west of 
Standish some four miles, and a four mile strip of country along Saginaw 
bay from Alabaster to Pinconning is more than likely to yield good flow. 

§ 6. Clay and Shales. 

The rapid increase of the hydraulic cement industry due to the abun- 
dance of marl, limestone and coal is creating a demand for clays, low in 
lime, magnesia and iron, and high in silicates. The surface clays of this 
region are directly or indirectly derived from glacial action which ac- 
counts for their great variation in composition and thus become a source 
4 
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of annoyance to large cement companies, for having once located a clay 
bed the quantity may be unlimited but the quality is frequently 
unreliable. 

The region under discussion has poorly drained areas which could be 
greatly improved by artificial means. A few large, well located drains 
are doing excellent service but the large part of the underdrained land 
remains to be improved by tiling. As the country is becoming more 
closely settled these conditions are slowly creating a market for home- 
made tile, which could be manufactured from some of the abundant 
clay deposits. Several good brick yards are in operation but the demand 
for bricks is not strong. 

The clay from the Standish brick yard is taken from a four foot bed of 
slightly pebbly glacial clay which shows by analysis a small percentage 
of lime but still has many small limestone pebbles which prove deleteri- 
ous to three per cent of the bricks made. In some of the finished product 
the lime on exposure to air and moisture slacks, in this manner soften- 
ing and disintegrating the brick. Blowholes caused by escaping gases 
are also present. If the clay was carefully crushed and perhaps screened 
or washed as at Sebewaing to free it from all pebbles a much better 
product would be secured. More experience and a better demand for the 
brick will no doubt remedy all of the difficulties. The following illus- 
trates the composition of clay from this brickyard which is north of 
Standish on the Pine river: 

SiO, 37.36 39.10 

CO, 17.16 16.38 

Fe,0, 3.36 5.60 

Al^Oj 20.02 9.39 

CaO 17.79 16.42 

MgO 3.28 4.06 

Organic Matter 1.03 9.14 

At Alger, on the Michigan Central, a light sand exists on a heavy clay 
which is seen east of the station one mile, on the eastern part of Sec. 10, 
T. 20 N. and 3 E. This clay is high in Mg and very gritty. It is too 
calcareous for cement purposes. It might make a fair tile or brick mate- 
rial as the following analysis shows: 

SiO, 39.00 

CO, 19.82 

FeA 3.12 

Alfi, 13.16 

CaO 15.37 

MgO 2.01 

Organic 8.52 

A clay deposit occurs one and one-half miles west of Sterling, which 
is in Arenac county on the Michigan Central. This is free of pebbles 
and has a high percentage of magnesia and silicon oxide. At Summit, 
which is northwest three miles on the railroad from Sterling, clay has 
been formed into a moraine and is very high in MgO. 

An extensive bed of brownish colored clay constitutes the bed and 
parts of the banks of Manfleld's creek at Shearer, which is on the 
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abandoned line of the Detroit and Mackinac railroad. Several years ago 
an attempt was made to produce a suitable brick and from an exami- 
nation of a large number which were burned from this clay it shows 
that a good brick was produced, but the lack of demand prevented 
further work. The clay is very high in aluminum and the first of this 
■element produced in Michigan was manufactured from clay taken from 
this deposit. 

A small brick and tile yard was started at Omer in Arenac county 
xind after a few trials has been inactive. The clay used was taken from 
near the Rifle river and east of the railroad bridge. This clay is of a 
fine quality for the above purposes and such an industry on a small 
«cale might find a market for its output in Au Ores, Turner and Twining. 

South of Tawas City in Iosco county, in Sec. 2, T. 21 N., R. 7 E., is 
a 40-foot clay terrace which is covered with sand. In some of the deep 
ravines of transversing creeks a solid bed of pebbly clay is exposed. 
The clay is slightly calcareous and contains a small percentage of sand. 
Over twenty years ago bricks were made here from clay taken from the 
«ide of the terrace and several house chimneys were built from these 
bricks and they have proved to be of excellent quality. Some trouble 
was experienced with lime. This might be a favorable place for invest- 
ment of a small capital, for at present bricks would find a market. 

North of Tawas City in Sec. 22, T. 22 N., R. 7 E., an attempt was made 
to build a schoolhouse from bricks made of clav obtained from north- 
<?ast corner of this section. The clay is of medium quality but poor 
brick have been produced by underburning and too much sand. At 
Harmon City in Sec. 24, T. 20 N. and 7 E., occurs a bed of very plastic 
■clay which has l^een used by masons at Tawas City and Au Sable for 
lining the arches under boilers and serves the purpose of a medium 
fire clay. This deposit is low in lime and high in oxides of aluminum 
iind silicon. This clay has the following analysis by P. S. Kedzie: 

SiO, 58.85 

AlA 14.45 

Pe, O, 7.60 

CaCC 2.94 

MgO 86 

SO, 1.73 

K,0 2.54 

Water of combination 7.50 

Organic matter 3.43 

The following analysis of clay by H. & W. Heim, of Saginaw, rep- 
resents a similar deposit:* ' 

S,0, 54.5 

A1,0, 24.85 

PeA 7.2 

CaO 2.95 

Mg,0 1.75 

SO, 1.33 

Loss on Ignition 6.5 

* This clay occurs {n connertion with gypsum in the Lower Grand Rapids series and has 
« high shrinlcage and would for brick talce quite n little sand, but malces an excellent red 
torick, suitable for face and perhaps paving brick. 
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Experiments were tried with the clay for brick manufacture at West 
Greenbush in Alcona county. At the old pit the clay which was used 
is surface material of a brownish gray color, containing few pebbles 
of limestone and a large number of pure lime segregations. The bricks 
which were made contain too much lime and are easily weathered. 

Several other regions might be mentioned which would serve as 
sources of supply for suitably manufacturing clays and road material. 
At many points on the Rifle river are 15-foot banks of solid smooth 
plastic clay, w^hich is calcareous and in many places entirely free of 
pebbles. The only practical use made of these deposits as yet is for 
road material. 

Many extensive clay deposits exist about Prescott, Lupton, Rose City^ 
Styles lake and Edwards lake of Ogemaw county: Near Loon lake^ 
Taft, Emery Junction, Vine and Tawas City are formations which would 
repay careful investigation. 

§ 7. Agricultural Resources. 

The real w^ealth of this region lies in the abundant fertility of the 
gently rolling country and the level plains of the old lake bottoms. 
The settlement of many districts has been delayed by the general belief 
that the land was worthless after the pine was removed. It migEt 
be safely asserted that land which has produced white pine or hardwood 
will meet the needs of agriculturists. Of course there are large tracts 
of sand barrens which have produced only the familiar jack pines^ 
huckleberry bushes and sweet ferns. These jack pine plains are often so 
picturesque, entirely free of stone and stump, and so finely located on 
the banks of streams, that one is charmed. Perhaps in this way many 
settlers first chose such poor locations. The evidences of attempts made 
at farming years ago are found in many parts of these plains. 

The sand of the jack pine plains is light and easily worked into a 
shifting powder which renders travel very difficult. Heavy frosts occur 
in every month of the year and precipitation is insufficient in dry time 
to keep alive any vegetation but hardy bush plants. The country soutb 
of the Rifle river to a line connecting Omer and Sterling is of this 
description and furnishes a serious obstacle to travel between Standish 
and the Maple Ridge country. The lands south of Wells creek and east 
of the Michigan Central railroad in Arenac county are perfectly level 
and covered with jack pine, huckleberry bush and sweet fern to near 
Dunham. In many places on all of the jack pine plains are small 
swamps with big growths of cedar, sedges and marsh grass. 

In addition to the jack pine plains there are regions from wiiich pine 
has been taken, its fertility depending upon its location and method 
of handling. On many of the old lumbering tracts the stumps offer a 
serious obstacle to the man who begins farming in a small way and 
many acres of fertile lands are idle because of the existence of a large 
amount of unpaid taxes and the cost of removal of pine stumps. 

Old burnings are regions over which the fire has swept and left the 
soil without its natural vegetable mould. Sandy lands are often ren- 
dered useless in this manner, while clay soils are uninjured. We also 
find in this region large tracts of sandy swamps, black ash swales,, 
and cedar thickets along the rivers' banks. 

Arenac county is supplied with an abundance of good lands but the 
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northwestern part of Clayton township, parts of upper Whitney, north- 
western corner of Arenac, northern section of Deep River, and parts of 
both Adams and Moffatt will fnrnish poor farms. 

In Iosco county the jack pine plains have the following general dis- 
tribution in townships — nearly all of Oscoda, which is the northern tier 
of townships in the county, parts of Wilbur, Plainfleld, and north edge 
of Tawas. The territory adjoining the Au Sable river through the 
county is practically useless for farming, except that the river's flood 
plain furnishes excellent soil. 

The entire southeast corner of Oscoda county is poor land, and Alcona 
county contains only small areas of jack pine plains. 

To carefully locate the excellent land under cultivation and give the 
characteristics of the soil would require more space than this brief 
report allows. A few notes will be given of those places which, if given 
care, would make excellent farms. The first place to devote attention 
is the region north of Duck lake in Au Gres township of Arenac county. 
The drainage is imperfect and renders useless over fifteen sections of 
land which would make excellent hay or truck farming soil, for the 
material is a rich loamy muck. Duck lake is very shallow and its outlet 
must be deepened or a ditch cut to the Rifle river. Along the entire 
course of the main stream and east branch of the Au Gres river are 
many acres of clay lands which would require stumping'and draining, 
but would furnish excellent lands. Especially fine locations of state 
lands, can be found here and for reasonable terms good places can be 
secured near railroad crossings of the river. The lands are so cheap 
that a few thousand acres fenced in for cattle grazing ground would be 
sure to return handsome profits. 

A large area of clay loam land is six miles west of Standish and is 
settling rapidly. The large swamp which is one mile west of Moore's 
Junction furnishes vast quantities of hay and an extensive tract of 
this with some of the adjoining sand plains would serve the purpose 
of a cattle ranch. Northeast of Alger in Moffatt township, the charac- 
teristic morainal country is present. This is furnishing fine land to a 
few settlers and the region wojild accommodate many more. 

Starting south of Melita is a broad strip of clay country, with morainal 
topography, which extends to Maple Ridge, where fine land has been 
well developed. This belt passes on north into Ogemaw county to 
Prescott, thence across the townships of Kichland and Logan where the 
fertile belt turns into Iosco county, covering the southern half of 
Thompson township and the western half of Plainfield township. The 
belt appears on the north side of the Au Sable river in Alcona county 
at Vaughn. Here settlements are being rapidly made on the excellent 
clay loam soil. Alcona county is nearly three-fourths fair to good agri- 
cultural land.* 

It is regretted that mention cannot be made of the sugar beet soil, 
the potato land, and various matters which would stimulate the settle- 
ment of lands which now lie idle. Only an attempt has been made to 
mention those lands suitable for farming, and waiting settlers, no 
reference has been made of the abundance of lands already under culti- 
vation. It is hoped these brief notes will lead some to investigate and 
settle in a region whose fertility can no longer be questioned. 

* About 300 square miles good farming land. 300 square miles good grazing land, 65 square 
milea Jack pine land. 
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ALCONA COUNTY. 

During the year Mr. J. H. Killmaster of Alcona county wrote to the 
Survey, inquiring as to the possibility of a survey of that county. I 
pointed out to him that we were working that way, but that we had not 
money enough to take up that county, without dropping something of 
equal importance. So he brought the matter before the Board of Super- 
visors with the result that they voted |200 to be expended under my 
supervision. This money was largely expended in employing Mr. Lev- 
erett, one of the most expert surface geologists in the United States, 
who was fortunately for us engaged on work for the United States 
Survey at West Branch and was courteously released for a time by 
them, so that no heavy bill for traveling exx)enses was incurred. Mr. 
Killmaster also, by giving the free use of his team of horses, saved 
the county many dollars. We also had made analyses of certain 
products. The report of the county was necessarily brief, and coming 
out of order in our studies, may need some revision when adjacent 
counties are complete. The report handed to the Board of Supervisors, 
which follows, is therefore necessarily incomplete. 



REPORT ON THE SURFACE GEOLOGY OF ALCONA COUNTY, 

MICHIGAN. 



BY FRANK LEVERETT. 



INTRODUCTION. 

Situation and area. Alcona county is situated on the border of Lake 
Huron in the northeast part -of the southern peninsula of Michigan. 
Its south border is near latitude 44° 30' and its north border about 
latitude 44° 50'. The border counties are as follows: Alpena on the 
north, Oscoda on the west and Iosco on the south. It embraces sixteen 
full and four fractional townships, the latter being along the shore of 
Lake Huron. Townships 25 to 28 N. and ranges 5 to 9 E., inclusive, 
fall within its limits. The area is about 690 square miles. The land 
surface is, however, somewhat less for there are several lakes in the 
county. The largest, Hubbard lake, has an estimated area of thir- 
teen square miles, and the combined area of all the lakes probably 
reaches twenty-five square miles, thus leaving an area of about 665 
square miles of land surface. 

Alcona was organized into an independent county in 1869. It was 
attached to Cheboygan county from 1853 to 1857, to Alpena county in 
1857 to 1858, to Iosco county in 1858 to 1859, and again to Alpena 
county from 1859 to 1869. From 1859 to 1866 it constituted but a 
single civil township of Alpena county, the township of Harrisville. 
Alcona township was cut off in 1866 and Greenbush in 1868. There 
were thus three civil townships at the organization of the county. At 
present there are eleven civil townships in the twenty land survey town- 
ships distributed as follows: 

Curtis, in T. 25 N., Rs. 5 and 6 E. 
Mikado, in T. 25 N., Rs. 7 and 8 E. 
Greenbush, in T. 25 N., R. 9 E. 
Millen, in T. 26 N., Rs. 6 and 7 E. 
Gustin, in T. 26 N., R. 8 E. 
Harrisville, in T. 26 N., R. 9 E. 

Mitchell, in T- 26 N., R. 5 E., T. 27 N., Rs. 5 and 6 E., and T. 28 N., 
R. 5 E. 

Hawes, in T. 27 N., Rs. 7 and 8 E. 

Haynes, in T. 27 N., R. 9 E. 

Caledonia, in T. 28 N., R. 6 E., and north half of T. 28, Rs. 7 and 8 E. 

Alcona, in T. 28 N., R. 9 E., and south half of T. 28, Rs. 7 and 8 E. 
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Settlement and population. Situated as it is on the shore of Lake 
Huron, fishermen came to this county in advance of actual settlers. 
They wandered from place to place and built temporary dwellings or 
camped in the open air. The fishermen in some instances cultivated 
small garden patches, and one (S. M. Holden) started a cooperage busi- 
ness on the site of Springport, to supply barrels in which to ship the 
fish. There were fishing stations at the cove near Alcona postoflSce, 
at the liigh banks where Springport now stands, and at Greenbush, 
which were thronged at an early date with fishermen. There seems to 
have been no other industry from the arrival of the first fisherman 
(thought to have been William Collins), about 1835, down to 1854, when 
the first sawmill was built. This mill was put up at Harrisville by two 
fishermen, Crosier Davison and S. M. Holden, but was soon sold to 
Benjamin Harris and sons, the persons after whom Harrisville was 
named. It utilized the power afforded by the small stream which enters 
Lake Huron at this village. 

The first school was started in 1860, and was taught in the loft of the 
Harris store. The following year religious meetings were first con- 
ducted, the preacher being C. J. Merchant, a Methodist itinerary.. The 
first physician was Dr. John Lyman, and the first lawyer, R. Z. Roberts. 

In 1866 the Harris firm sold out its business to Weston, Colwell & 
Co., a firm with more capital, who gave the lumber business a fresh 
impetus and brought in a number of new families. The same year 
systematic efforts were made to induce settlers to clear up farms and 
develop the valuable agricultural resources. Roads were soon surveyed, 
stumps pulled and turnpikes constructed that aided materially in 
opening up the country to settlement.^ 

The lumbering industry was pushed so vigorously by several lumber- 
ing firms that the country was soon stripped of its rich growth of 
timber. The valuable agricultural lands were recognized as such by 
the woodsmen, many of whom have with profit abandoned lumbering 
and taken up farming. A population of less than 6,000 is now spread 
over a county whose soil will easily support two or three times that 
number. 

The growth of population is shown in the following figures, taken 
from the United States Census reports: Population, 185 in 1860; 696 
in 1870; 3,107 ill 1880; 5,409 in 1890, and 5,691 in 1900. There are at 
present about eight persons to the square mile. Only four other counties 
in the southern peninsula have a thinner settlement and these are all 
far below Alcona in agricultural resources. The fact that the villages 
of Alcona county are very small should be considered in dealing with 
the subject of thinness of settlement. Harrisville, the county seat 
and largest village, had in 1900 a population of but 403, and the com- 
bined population of the villages scarcely reaches 1,400, or about 25 pep 
cent of the entire population. The decline of the lumber industry has 
affected the villages unfavorably, some of them having shown a marked 
decrease between 1890 and 1900. But the growth of farming has been 
such as to more than offset this decrease so that the population was 
slightly greater in 1900 than in 1890. 

^ For many of the faotR coDcernln^ early Bettlement I am Indebted to a pamphlet of 12 
pages entitled "A brief history of the county of Alcona. Michigan" prepared by Charles P. 
Reynolds of IlarrisTllle and published by the ITarrlsvllle Review Printing Office, In 1877. See 
also History of the Lake Huron Shore, H. U. Page & Co., Chicago, 1883. 
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Transportation facilities. The transportation facilities are excellent in 
the better settled eastern and southern parts of the county. There are 
docks and landings for steamers at convenient intervals on the shore 
of Lake Huron and a regular boat service in the summer months. The 
Au Sable & Northwestern railroad (narrow gauge) passes through the 
settlement in the southwest part of the county, and connects with the 
Detroit & Mackinac railroad at Au Sable. There is also au unob- 
structed river from where the Au Sable enters the county to its mouth 
at the village of Au Sable, which is extensively utilized for rafting tim- 
ber. The Detroit & Mackinac Railroad Company has an old line passing 
from Black river southward to Au Sable through Lincoln and Mikado, 
and has constructed a new line along the shore the present year which 
gives Harrisville and Greenbush a much needed railway service. 

During the lumbering period there were several lines running into 
the central and western parts of the county which were abandoned 
with the decline of the lumber industry. The graded beds are, however, 
easily changed into wagon roads by the removal of the ties, and in some 
cases they have been pressed into service without the labor of removing 
the ties. Such roads are, however, a torture to the traveler as the 
writer has had occasion to experience. In this connection it may be 
remarked that throughout much of the county improvement in wagon 
roads is needed. 

Previous geological work. There being no outcrops of rock in Alcona 
county it has received but little attention from geologists. The county 
was explored to some extent by the first State geologist, Douglass 
Houghton, in 1838 or earlier, for he touches upon its salient topographic 
features in his second annual report, submitted in February, 1839. 
After discussing the general features of the region north of Saginaw 
Bay he remarks:^ 

'*An exception to the flatness of the country exists in an elevated dis- 
trict commencing in high hills a little south of Thunder Bay river and 
stretching in a southwesterly direction toward the head of Lake Michi- 
gan. This range at its commencement is usimlly known as the highlands 
of the Au Sable." • 

Attention is called by Houghton to ledges of limestone near the 
mouth of Thunder Bay river, which would be a barrier to the navigation 
of that Mream, but he found nothing of the sort on the lower course 
of the Au Sable, and suggested the feasibility of navigating the stream 
unless it should prove to have too much shifting sand. The reconnais- 
sance made by Houghton seems to have given him a false impression of 
the agricultural conditions of this region for he remarks that it is "ill 
adapted to the purpose of agriculture, being composed chiefly of sandy 
ridges with intervening swales, and rising so gradually toward the 
central part of the State as to leave the country extremely flat." This 
remark would apply only to a small part of the surface, but as tha^t 
part is situated along the streams and the lake shore, that is, in places 
most accessible to the early explorer, it would naturally stamp the 
whole region unfavorably. In this connection it may be remarked that 
the prevalence of pine forests has tended to perpetuate the unfavorable 

» Senate Documents Michigan IS.^9, p. 267 ; also House Documents Michigan 1839, p. 383. 
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name which this region so early received for it has been generally 
supposed that pine grows only on barrens. It remained for the settlers 
to demonstrate by abundant crops and the general evidences of thrift 
that this and other regions with pine timber really have a large amount 
of productive land. 

Bo far as known to the writer no geological work of note was done 
in this region from the time of Houghton's reconnaissance down to 
1895, when F. B. Taylor made a trip along the shore of Lake Huron 
from Mackinaw to. Saginaw Bay to determine the number and altitude 
of the old shore lines. He found two well defined beaches above the 
present one in the district north of the Au Sable river.^ Taylor also found 
that higher beaches which are present in the Saginaw basin are not 
present in Alcona county and the county to the north, because this 
northern region was still covered by the great ice sheet. 

State Geologist A. C. Lane made a trip through the southwest part of 
Alcona county in 1897, notes upon which are presented in a bulletin 
on the water resources of Michigan published by the United States 
Geological Survey*^ These notes refer to water power on the Au Sable 
river, which is said to be excellent but unused, to the general topographic 
features and to the favorable conditions for obtaining flowing wells on 
the southern slope of the elevated tracts which traverse the western part 
of the county and extend southwest across Ogemaw and Clare counties. 

Scope of the present investigation. An allotment having been made by 
the board of county supervisors in October, 1901, for an examination 
into the resources of Alcona county under the direction of the State 
Geologist, the present writer was engaged to proceed at once to the 
field and collect the necessary data for a report upon the character 
of the soils, the occuiTence of marl or clay, of notable value, the condi- 
tions and prospects for flowing wells, and the general distribution of 
underground water, and to obtain such data as the region affords that 
will bear upon the underlying rock formations. The investigation is 
similar to that already made in central and southern Michigan under 
the United States Geological Survey, but the present report enters more 
into detail concerning the resources of the county than is practicable 
in the more general and comprehensive report in preparation for the 
United States survey. The field work was done in October and the 
early part of November, and for its rapid and easy prosecution the writer 
is indebted to the several members of the board of supervisors and to a 
number of other citizens, notably J. H. Killmaster, Edward Chapelle, 
Charles Conklin, George Rutson* L. A. Colwell, E. M. Larson, D. W. 
Brooks and C. W. Goodsell. Indebtedness is also acknowledged to the 
Detroit & Mackinac and the Au Sable & Northwestern railroads for 
transportation over their lines and for valuable data. 

Owing to the undeveloped condition and lack of roads in the western 
half of the county the examination was necessarily less detailed than 
in the more highly improved eastern part, but this deficiency has been 
partially filled by information furnished by supervisors and other old 
residents. 



^ For discussion of these beaches see American C^eologist Vol. 17, 1896, pp. 233-257. Also 
Dryer's Studies In Indiana Geography, Inland Pub. Co., Terre Haute, Indiana, 1897, pp. 90-110. 

« Water Supply and Irrigation Papers of the U. S. Geological Survey No. 30, Washington, 
Government I'rinting OfDce, 1899. See especially pages 20, 73-75. 
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CLIMATE. 

The effect of the great lakes in modifying the climate of the bordering 
districts is a subject which has been thoroughly considered and ably 
discussed by one of the early State geologists of Michigan, Alexander 
Winchell, first in his report of progress for 1870, and subsequently in 
Harper's Monthly and in Walling's Atlas of Michigan, and in a separate 
publication entitled "Michigan." The subject is so complicated that 
space will not permit full presentation, and we can do little more than 
outline a few of the conditions prevailing in the particular region under 
discussion. 

It is found that in winter the isothermal lines or lines of equal tem- 
perature are much farther south in the interior of the southern peninsula 
than on the borders by Lake Huron and Lake Michigan. It is no colder 
at Harrisville on the shore of Lake Huron and at Traverse City on a bay 
of Lake Michigan, each about latitude 44° 40', than at Flint and Owosso 
in the south central part of the State near latitude 43°. But the winter 
mean temperature at Harrisville is nearly three degrees warmer than 
at Grayling, a town in the same latitude in the interior of the State, 
as shown in the table below. In cold waves the contrast is often much 
more striking than that of the mean temperature. Thus the coldest wave 
fthat has been experienced in Michigan in the past 12 years was that 
in February, 1899, when the thermometer at Harrisville dropped to 25° 
below zero; but this was 16° warmer than the record at Lake City and 
(irayling, and 18° warmer than at Mancelona as reported in the United 
States AVeather Review for that month. In the 12-year period just 
referred to there have been but three months in which the temperature 
at Harrisville has fallen lower than 20° below zero, but the interior of 
the State has experienced such a temperature in two or more months 
in nearly every winter. The following table of temperatures at Harris- 
ville and Grayling for the four winter months, I^ecember to March 
inclusive, in the past five years, will serve to show the contrast between 
the shore and the interior, as well as the variations at each place. 
Grayling is in the same latitude as Harrisville and 70 miles west. 

TABLK OF AVERAGE WINTER TEMPERATURES. 
(Compiled from U. S. Monthly Weather Review.) 



Winter of 1886-7. . . . 
Winter of 1887-8. . . . 
Winter of 1808-9. . . . 
Winter of 189»-1900. 
Winter of 190O-1.... 



Five year average. 



Period. 



Harris- 
ville. 



22.2 



Grayling. 



Deg. Fahr. 


Deg. Fahr. 


24.4 


21.4 


26.1 


22.8 


1».0 


16.6 


21.2 


19.1 


21.4 


19.2 



19.6 



In summer the temju'rature, as indicated in WinchelFs isothermal 
map, is as high in the interior of Michigan in latitude 44"^ 40^ (that is 
tiie latitude of Harrisville) as it is at the southern ends of Lakes Huron 
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and Michigan and decidedly warmer than at Harrisville or Traverse 
City. The map shows the mean summer temperature at Harrisville to 
be about 63 degrees above zero, while at the headwaters of the Au Sable, 
near the same latitude, it is 66 degrees. An examination of the Weather 
Review records at Harrisville and Grayling for the past five years 
(1897-1901, inclusive) shows the temperature at Harrisville to average 
65 degrees for the summer months, while tliat at Grayling averages 66.4 
degrees. The difference, therefore, is slightly less than WinchelPs map 
indicates and is not so striking as that of the winter temperatures given 
in the table above. In spring and fall the climate is more equable on the 
borders of the lakes than in the interior of the State. Killing frosts are 
infrequent after crops are started in the spring or before they ripen in 
the fall. In the State Geological reports for 1839 to 1841 Douglass 
Houghton and his assistants made references to the fact that the 
Indians had grown corn successfully on the borders of the Great Lakes 
in several of the northern counties of the southern peninsula. Fruit 
growers have also found that the lake borders are the most favorable 
parts of the State for orchards. The thrifty apple orchards of Alcona 
county bear strong testimony to the favorable climatic conditions. 

The following records of temperature and precipitation taken from 
the United States Monthly Weather Review for 1900 serve to indicate 
the ordinary conditions at Harrisville, except that precipitation is 
remarkably low for the month of June. As no station for weather obser- 
vations has been established in the back part of the county or for some 
distance farther inland, the departure from conditions at Harrisville in 
that part of the county is not known. 

TABLE OF TEMPEKATTTRE AND PRECIPITATION AT HARRISVILLE, MICHIGAN, FOR 

THE YEAR 1900. 

(Compiled from U. S. Monthly Weather Review.) 



Month. 



January — 
February . . 

March 

April 

May 

June..../... 

July 

August — 
September. 
October — 
November.. 
Dectmiber . 



Yearly. 



Maximum 


Minimum 


Mean 


Temp. 


Temp. 
Deg. Fahr. 


Temp. 


Deg. Fahr. 


Deg. Fahr. 


48 


—14 


22.8 


55 


—17 


15.8 


47 


—5 


22.1 


75 


20 


42.2 


90 


34 


52.0 


96 


37 


61.2 


97 


46 


66.6 


98 


52 


69.8 


a3 


38 


ri3.4 


79 


28 


56.7 


62 


10 


35.8 


47 


—3 


25.4 
44.3 











Precipl- (a) Snow> 

tation. fall. 

Inches. Inches. 

1.24 • 8.5 
4.19 ' 23.2 
2.05 20.5 

1.36 

2.64 

0.53 

4.34 

5.23 

2.25 

2.90 

3.01 , 3.7 

1.37 ' 9.5 



31. U 



66.4 



(a) The snowfall is included in the column showing precipitation. 



The rainfall of this county is not more likely than temperature to be 
ill adapted to the needs of crops. The yearly precipitation is usually 
between 30 and 40 inches, and of this a sufficiently large part falls in the 
growing season to keep the soil in good condition for crops. 
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PHYSIOGRAPHY. 

Topography. — A glance at the map of the surface features of Alcona 
count}' (Plate I) will serve to show that the northern and western parts 
of the county are largely occupied by hills or belts of rolling land, while 
the southeastern portion, mainly in the Pine river drainage basin, is a 
comparatively level district. An examination of the list of altitudes 
given below will bring out the heights which are found in various parts 
of the county. The datum to which points in this region are commonly 
referred is the surface of Lake Huron, whose mean elevation is nearly 
580 feet above sea level. Referring to the altitudes, it will be seen that 
the highest point crossed within the county is, by barometric measure- 
ment, 1,260 feet above the sea, or 680 feet above Lake Huron. Possibly 
other points in the western part of the county rise a few feet higher, but 
it is doubtful if any exceed 1,300 feet. There is within the county an 
area of perhaps 40 square miles that stands above 1,000 feet, mainly in 
the western part. A. large area, comprising probably three-fourths of 
the county, stands between 700 and 900 feet above the sea. There is but 
little low land along the edge of Lake Huron, for along much of the 
shore a rise of 100 to 175 feet is made in passing back a mile or less. On 
the north border, however, the low land extends three miles and on the 
south border fully five miles back from the lake. In general the highest 
land or backbone of the countv constitutes the divide between the north 
flowing and south flowing streams, if we disregard Black river, and 
trends in a southwest course from the south part of T. 28, R. 9 E., to 
Lincoln and thence westward to the county limits. The hills in the 
south part of T. 28, R. 9 E., and those along the border of T. 27, Rs. 8 and 
9 E., reach an altitude 300 to 325 feet above Lake Huron. Points in the 
east part of T. 27, R. 7 E., reach an altitude 400 to 425 feet above the lake, 
but with this exception the altitude in Rs. 7, 8 and 9 E. is less than 
400 feet above lake level With the exception of valleys and narrow 
strips of low plain bordering them, the western part of the county for 
a distance of eight to twelve miles from the west border rises more than 
400 feet above the lake. This elevated part is shaded heavily on the 
map (Plate I) and the strength of shading is graduated to the 
prominence of the hills. In the Pine river drainage basin there is a 
gradual rise from the lake shore to the headwaters of the various 
tributaries. 

The relief of the ridges and hills above the valleys and basins which 
thev border or inclose seldom exceeds 300 feet and is usuallv 100 feet or 
less. Hubbard lake, which stands about 680 feet, is bordered by hills 
whose altitude ranges from 750 feet or less up to about 950 feet above the 
sea. The majority of the lakes stand much higher than Hubbard lake. 
Several near Vaughn are about 950 feet. Mud lake and others near it 
875 to 900 feet and those near Lincoln about 770 feet. The hills near 
Vaughn lake and its neighbors reach about 1,100 feet, those near Mud 
lake 950 feet, and those around Lincoln 875 feet above the sea. A 
group of hills in Sec. 28, T. 27, R. (» E., rises 200 feet above border dis- 
tricts, and ('omstock hill in Sec. 25 of the same township is nearly as 
prominent. There are also some hills about 200 feet high in the south- 
west corner of the county, and the massive morainic tract forming the 
6 
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division between the An Sable and Thunder bay drainage in Tps. 25 and 
26 N., Rs. 5 and 6 E., has many hills and ridges which rise abruptly 100 
to 200 feet above thebordering basins and sags. A very prominent mass 
of hills in the northwest part of the northwest township rises fully 300 
feet above the valleys on the east and south. 

Some of the hills and ridges in the northern and western part of the 
county are too steep to be easily tilled, but on the whole the slopes are 
so gradual as to be no hindrance to the cultivation of the land. In 
nearly every township there are plane tracts of considerable extent, as 
indicated in Plate I, while several townships in the southeast part of, 
the county are nearly plane. 

Tohle of Altitudes. — The following table of altitudes includes not only 
the points along the railroad lines which are determined by spirit level, 
but also a considerable number of barometric determinations. The lat- 
ter are liable in some cases to contain serious errors, for there were 
some taken in the western and northern parts of the county which were 
carried through an entire day's drive, with no opportunity to check 
results. It so happened, however, that the weather conditions were 
somewhat steady at that time, so that the errors may prove to be unim- 
portant. The barometric determinations in the eastern part of the 
county are probably not far from correct. 

• 

ALTITt DES ALONG TIIK OLD LINE OF TUE DETROIT AND MACKINAC RAILROAD. 

Feet (above tide level) A. T. 

Black River Station 585 

Summit 1900 feet northeast of Roe Ijike Station 822 

Roe I^ke Station 810 

Summit 1400 feet aonth of Roe Lake Station 818 

Henry Station 795 

Summit 2400 feet north of Hawes Station 807 

Hawefl Station 790 

Summit 700 feet south of Hawes Station 797 

Summit 1500 feet north of Lincoln Station 798 

Lincoln Station 779 

Summit 6800 feet south of Lincoln Station 790 

Custin Station 683 

Mikado Station 634 

Top of grade 4000 feet north of Handy Station 640 

Handy Station 624 

County line Alcona and Iosco counties 631 

Harrlsvllle Junction (In Iosco county) 613 

NEW LINE OF DETROIT AND MA(^KINAC RAILROAD. 

Harrlsvllle Junction (in Iosco county) 615 

Oreenbush Station 640 

Summit about 1.8 miles north of Greenbush 648 

Harrlsvllle at Main street 625 

Harrlsvllle Station 622 

Sturgeon I'oint 614 . 5 

Alcona 602 .5 

Stony ridge 1.5 miles north of Alcona 621 

Black River Station 585 

BAROMETRIC DETERMINATIONS. 

Bamfleld Station on Au Sable and Northwestern Railroad 870* or 850 

An Sable river at bridge, near Bamfleld • . 815* or 810 

Vaughn Station. An Sable and Northwestern Railroad 1023* or 1005 

Hill at cemetery north of Vaughn lake 1100 

I^tt Postofflce 900 

Bryant Station. An Sable and Northwestern Railroad 852* or 835 

Knoll cut by old railroad grade in section 7. T. 25. R. 7 E 880 

Swamp south of knoll In section 7. T. 25. R. 7 E 830 

Sand and gravel plain in section 3, T. 23. R. 7 E . . t 830 

* Averages of two or three barometric determinations by A. C. Lane. 
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Feet A. T. 

Cross roads In northwest comer of T. 2S. B. 7 E., near Tabbs* lake 860 

Pine river at forks west of Mikado (bluff 640 feet) 6^0 

A. D. McDonald's residence section 9. T. 25, R. 9 E ^ 675 

Summit on State road near comers of Tps. 26 and 27, Rs. 5 and 6 E 1260 

Road intersection in X. W. part of T. 26, R. 6 E 1070 

Plain in Sees. 1, 2 and 3. T. 26. R. 6 E 900-925 

Ridse one mile west of Mud lake near postoffice 940 

Mud lake, water level 860 

Sand plain near center of T. 26. R. 7 E 800 

West branch of Pine river. Sec. 25, T. 26, R. 7 E., below dam 675 

Township line east of dam 720 

Killmaster postoffice 695* 

Stream at KiUmaster below dam 680* 

Killmaster boring No. 1 702^ 

Kiilmaster boring No. 2 710 

KiUmaster boring No. 3. near postoffice 692* 

Cross roads one-half mile west of Gustln 660 

Pine river on State road, west of Lincoln 725 

Upland west of Pine river, middle of line of Sees. 4 and 33 825 

Upland near corners of Sees. 4 and 5, T. 26, and Sees 32 and 33, T. 27, R. 8 E 875 

Valley at Robinson's farm on State road west of Lincoln 810 

Upland in east part of Lincoln 810 

Summit In road in Sec. 5, T. 26. R, 9. E 840 

County Infirmary 706 

Mrs. Chapel's residence, one mile south of inflrmary 750 

Napoleon Sherbeneau's residence, one mile north of infirmary 750 

Knoll near center of Sec. 19. Ilarrlsville Tp 710 

West line of Sec. 19. at road Intersection 695 

Middle of line of Sees. 19 and 20, Uarrlsville Tp 680 

Stream near center of Sec. 20, Uarrlsville Tp 660 

Plain at line of Sees. 20 and 21, Uarrlsville Tp 675 

Low knoll near center of Sec. 21, Harrlsvllle Tp 700 

Plain at line of Sees. 21 and 22. near jog In road 689 

Summit In Sec. 22, IlarrisvlUe Tp., on E-W. road 700 

Northwest corner of Sec. 34. Uarrlsville Tp 700 

Ridge 2 to 3 miles north of Greenbush 780-755 

A. Atherton's residence. Sec. 26, T. 27. R. 5 K 1010 

Corner of Sees. 13, 14, 23, and 24. T. 27. R. 5 E 920 

Wolf creek, near comer of Sees. 1. 2. 11 and 12, T. 27, R. 5 E 815 

Plain in Sec. 2. between Wolf and Sliver creeks 840 

Dorr's camp In Sec. 34. T. 28. R. 5 E 900 

McGinn creek, near corners of Sees. 21, 22, 27 and 28. T. 2 S., R. 5 K 870 

Sandy plain north of McGinn creek In .Sees. 21 and 22. T. 2S, R. 5 E 920 

Hill near line of Sees. 8 and 9, T. 28. R. 5 E 1200 

Hill In Sec. 28. T. 27. R. 6 E 1165 

Nearly plain tracts In Sec. 33. T. 27. R. 6 E 950-965 

Range of hills In Sees. 14, 23 and 26, T. 27. R. 7 E 976-1000 

Hill on Sec. 24, T. 27, R. 7 E 1000 

lowland between hills In Sees. 23 and 24, T. 27, R. 7 E 875 

Sheep ranch In Sees. 30 and 31, T. 27, R. 8 E 875-925 

Hubbard lake 680 

Upland southeast of Hubbard lake In Sec. 7, T. 27. R. 8 E 850 

Sucker creek at line of Sees. 5 and 8, T. 27, R. 8 E 700 

Upland on line of Sees. 4 and 9. T. 27, R. 8 E 820 

Sucker creek on line of Sees. 2 and 11, T. 27. R. 8 E 740 

Upland In road one-eighth mile west of Henry Station 840 

Upland at township line east of Henry Station 840 

Hill In Sees. 13 and 24, T. 27. R. 8 E 890 

Cross roads at middle of line of Hawes and Haynes townships 800 

Hill one mile north-northeast of Lincoln 850 

Points near line of Sees. 5 and 6. T. 27. R. 9 E 915 

Summit In road on line of Sees. 5 and 8, T. 27. R. 9 E 900 

C W. Goodsell's residence, east side Sec. 8. T. 27. R. 9 E 800 

Black river. In Sec. 3. near Frank Elmer's residence 675 

Frank Elmer's residence in Sec. 3. T. 27. R. 9 E 752* or 735 

Summit In road on line of Sees. 17 and 20. T. 28. R. 9 E 800 

High points near center of Sec. 17, T. 28. R. 9 E 825 

Stream near corners of Sees. 17. 18, 19 and 20, T. 28. R. 9 E 735 

Till plain in Sees. 18 and 19, where road leads south 760 

Middle of range line between Rs. 8 and 9 E. T. 28 N 775 

Stream on range line one mile north of last named point 690 

Summit on line of Sees. 1 and 12, T. 28 R. 8 E 840 

Alexander McDonald's residence In Sec. 2. T. 28, R. 8 E 860 

Summit near middle of line of Sees. 2 and 11. T. 28. R. 8 E 880 

Spruce postoffice, corner of Sees. 3, 4, 9 and 10, T. 28, R. 8 E 750 

Cross roads one mile south of Spruce 770 
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BAROMETER DETERMINATIONS BY A. C. LANE. 

Feet A. T. 

Flat Rock Station 860* ' 

Au Sable, near Flat Rock 830 

Gravel table lands near Bamfleld 970 

River, near Bamfleld * 812* 

Terrace, near Bamfleld 840 

Bamfleld Station 870 

Faint river terrace back of Bamfleld Station 900 

Bryant, sand plains around 852* 

Batton, edge of clay 900 

Vaughn 1023* 

Chevriers 990* 

Drainage. — The drainage of Alcona county is nearly equally divided 
between the Thunder Bay river and Au Sable river systems, the north 
half being drained northward to Thunder Bay river and the south half 
southward and eastward to the Au Sable river. There is a narrow strip 
on the border of Lake Huron drained bv Black river and other small 
direct tributaries of the lake. 

The Au Sable river crosses the southwest corner of the county, but 
receives no important tributaries in that part of its course. Pine river, 
with its numerous tributaries, drains about six townships in the south- 
eastern part of Alcona county, and enters the Au Sable in Iosco county. 
Its main forks are known as South Branch, West Branch and East 
Branch. Other important tributaries are McGillis creek. Backus creek and 
Van Etten creek. The South Branch, West Branch and McGillis creek 
all find their sources in the high belt of hills in range 6 in the western 
part of the county, and have a general eastward course across a plain in 
range 7 to the middle of range 8. Here, after receiving Backus creek 
and East Branch, the course is southward into Iosco countv. Backus 
creek heads in Mud lake near the center of the county and flows south- 
eastward across a plain in T. 26, Rs. 7 and S E., to join the West Branch in 
Sec. 33 of the latter township. East Branch, with its several head- 
water tributaries, drains the south part of T. 27 and the east part of 
T. 26, R. 8 E., and unites with the West Branch in Sec. 3, T. 25, R. 8 E. 
Van Etten creek drains the southwest part of T. 2G, R. 9 E. and the 
adjoining parts of T. 25, Rs. 8 and 9 E., and enters Pine river in T. 25, 
R. 8 E.i 

The principal tributaries of Thunder Bay river in Alcona county are 
Hubbard lake with its main affluents. Sucker creek and Hubbard creek, 
which drain much of T. 27, Rs. 6, 7 and 8 E., and T. 28, Rs. 7 and 8 E., and 
Wolf creek and its tributaries, McGinn, Silver and Wild Cat creeks, 
which drain much of T. 27, Rs. 5 and 6 E., and T. 28, Rs. 5 and 6 E. 

Black river has two forks, known as the North and South branches. 
The South or main branch drains much of T. 27, R. 9 E., and adjoining 
parts of Tps. 26 and 28, R. 9 E. The North Branch drains the northeast 
part of the county in T. 28, Rs. 8 and 9 E., and a small adjoining district 
in Alpena county. 

There are a few small direct tributaries of Lake Huron south of the 

♦ Average of at least two, one or more corrected by comparison with self-recording aneroid 
at a fixed point. 

* This tributary of Pine River has received the same name which Is applied by the resi- 
dents to the main stream after it enters Iosco county, there b^ing in that county an expansion 
of Pine river called Van Etten lai«e. which has led to the extension of the name Van Ktten 
to part of the stream below Van Ktten lake. This se^ms an unnecessary element of confusion 
which might be easily remedied by ceasing to call the lower course of Pine river Van Etten 
creek. 
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Black river drainage basin, the most important of which is Cedar lake 
outlet, which discharges at Greenbush, and a small stream that enters 
the lake through the village of Harrisville. 

The streams are in places bordered extensively by swamps. This is 
conspicuously the case in those tributary to Hubbard lake, and is a 
common feature on several other streams. Extensive swamps also occur 
in the northeast and southeast parts of the county in the low plain, 
which has been at some time beneath lake level. 

A large part of the swamp laud, when cleared of logs and brush and 
properly ditched, may be drained sufficiently to become good farming 
land. This has already been done in a part of the Pine river drainage 
basin. 

Lakes, — ^The lakes of this county are inadequately represented on any 
maps which have yet been made, and a special survey is needed to 
determine their position and extent. The plats of the government land 
survey show only those which were crossed by section and quarter lines, 
and but a few of these were meandered and accurately platted. The lakes 
which do not appear on the government plats are necessarily small, for 
each must fall within the quarter-line limit, but they form an important 
factor in determining the value of the grazing lands which border them 
and are so numerous as to supply the needs of much of the grazing 
district in the western and northern parts of the county. They usually 
constitute the head of streams, but a few are expansions of streams and 
a few have no outlet. 

For attractive scenery, Hubbard is scarcely surpassed by any of the 
large inland lakes of the State. The body of water, seven miles in length 
and nearly two miles in average width, is bordered on all sides by ranges 
of hills with diversified outline and altitude, which at present are the 
haunts of deer and other wild game, but which may become valuable 
grazing lands. The body of water itself and its gravelly beaches will 
no doubt in time become one of Michigan's popular summer resorts. 
Already the building of an electric road to it from Alpena is being agi- 
tated, and the Thunder bay lowland, which extends back nearly to this 
lake, affords an easy line of access for such a road. For the variety and 
quality of its fish the lake already has a high reputation. 

Other attractive lakes are those around Lincoln and the chain near 
Vaughn (Glennie postoffice), all of which are bordered by undulating 
uplands and gravelly or sandy beaches. But nearly every lake possesses 
attractive features and contributes to the pleasure both of resident and 
traveler. 

THE GLACIAL DEPOSITS. 

Oeneral Statement, — It is a well established fact that a moving ice 
sheet, such as now covers Greenland and gravitates from the interior 
toward the border of that great island, has in a comparatively recent 
geologic period covered eastern Canada and pushed southward across 
Michigan and adjacent states to the vicinity of the Ohio river. In the 
bajsal portion of the ice sheet there was a large amount of earth and 
stones which it had gathered along its path. The ice appears to have 
become overburdened with this load and to have dropped much of it as 
it advanced, building up a bed beneath it known as the ground moraine. 
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The remainder it carried to the end of its course, and there heaped it 
up as a terminal moraine, similar in many respects to the moraines now 
forming on the borders of the Greenland ice sheet, or the glaciers of 
Alaska, or of the Alps. When the ice melted off from the country there 
was not a continuous and steady shrinking of the ice field, but places 
where the margin remained nearly stationary for a period sufficiently 
long to enable the ice to bring large amounts of material and heap up 
other terminal moraines inside the limits of those already formed. In 
this way several moraines were formed before the ice had melted off 
from Michigan. 

The glacial history is not so simple as to be comprehended in a single 
great invasion and disappearance of the ice sheet with the halts made 
in its waning stage. Studies in the interior of the Mississippi basin in 
Wisconsin, Iowa, Illinois and Indiana have brought to light several 
distinct sheets of drift, each marking a great ice invasion, which differ 
much more widely in age than thef successive moraines just mentioned. 
These sheets are not exposed to view in Michigan because the latest ice 
invasion extended over the entire State and left so heavy a deposit of 
drift as to effectually conceal any earlier drift sheets which may be 
present. It is, therefore, only in deep excavations and perhaps in a few 
valleys that the earlier sheets would be reached. Yet commingled with 
the drift of the last invasion there are copper nuggets and possibly other 
materials from the northwest, which must have been brought here by 
an earlier and independent invasion. As yet no separation of drift sheets 
has been made within the limits of Alcona county, and the earlier glacial 
history receives, therefore, only this passing notice. 

The sinuous or looped course of many of the moraines serves to show 
that the movement of the ice sheet was greatly influenced by inequalities 
in the surface of the country over which it passed, there being more free 
and rapid movement through low districts, such as the basins occupied 
by the Great Lakes, than over the bordering higher land. This resulted 
in the production of ice lobes that have received names from the basins 
in which they deployed, as Lake Michigan lobe, Saginaw bay lobe, 
Huron-Erie lobe, etc. Probably the lobes were coalesced to a great 
extent when the ice was at its maximum, but they became very promi- 
nent in the waning stage and were presumably so also in the advancing 
stage or earlier part of the life of the ice sheet. Because of this lobation 
the moraines which were produced in the waning stage are looped 
around the basins and form sharp re-entrants between them. At these 
re-entrants a morainic belt is often projected some distance back from 
the point of junction, forming an interlobate moraine. This feature is 
well illustrated in northern Alcona county, as indicated below. 

Moraines and Ice Borders in Alcona County, — Alcona county stands on 
the north side of the Saginaw bay ice lobe, for that lobe not only filled 
Saginaw bay but extended over a wide area on the north, west and south. 
Several moraines which are distinct ridges at the southwest end of the 
lobe become merged on its northwest side into a single great morainic 
system, which bears northeastward from Clare county across the south- 
east part of Roscommon, the central part of Ogemaw, and southeast 
part of Oscoda into Alcona county. The ice movement was probably 
about at right angles to the trend of this morainic system, or northwest- 
ward from the central line or axis of Saginaw bay. 
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Upon crossini^ the Au Sable river in southwestern Alcona county, this 
morainic system makes a sharp turn to the northwest and constitutes 
the divide between the Au Sable and Thunder Bay river drainage in 
Oscoda and Montmorency counties, thus passing beyond the limits of the 
Saginaw bay lobe. But from this sharp turn an interlobate moraine, or 
perhaps it may more properly be termed a morainic spur, extends east- 
ward across the north half of Alcona and the south edge of Alpena 
county almost to the shore of Lake Huron. The ice appears to have 
been present on both sides of this spur while it was forming. That on 
the south was the Saginaw bay lobe, while that on the north may for 
the present be termed the Thunder bay lobe. Probably this spur was 
extended eastward with the withdrawal of the ice from the great 
morainic system toward the Lake Huron basin, and the greater part of 
it may have been formed during this withdrawal. 

Between this great morainic system and the shore of Lake Huron 
there is, aside from the complicated spur just mentioned, but one well- 
defined moraine in Alcona county. This has been called by F. B. Taylor 
the Alcona moraine.^ In the northern part of the county it is wrapped 
around the end of the morainic spur, but upon crossing Black river near 
the line of Alcona and Haynes townships a short distance west of Alcona 
postofflce, it becomes a separate or distinct ridge and leads southward 
across Haynes and Harrisville townships, with its eastern or inner 
border less than a mile from the shore of Lake Huron. Upon entering 
Greenbush township (T. 25, R. 9 E.) it bears away from the lake shore 
across Sees. 3, 9 and 17. It is ilj-defined from Sec. 17, R. 9, to Sec. 26, 
R. 8, a distance of 2.5 miles, but has considerable strength in Sees. 26 
and 35, R. 8, and enters Iosco county from the latter section. The 
moraine ranges in width from one-fourth of a mile up to nearly two 
miles, and rises from 25 to fully 100 feet above border tracts. 

There are features in southern Alcona county west of the Alcona moraine that suggest an 
earlier Ice border. Near the western edge of T. 25, R. 8 W. a sand plain sets in which rises 
about 100 feet above the country east of it with a rather steep ascent. The lower country to 
the east presents the ordinary topography of a ground moraine, and has drift of variable con- 
stitution such as would be expected In deposits made under the ice. The high sand plain is 
similar to the out wash deposits made by streams issuing from the ice. The only feature 
needed to make it certain of being an ice border is a terminal moraine, but this feature is 
wanting or at least is yery obscure. It is, however, not uncommon in Michigan to find 
places where the outwash deposits stand somewhat higher than the moraine and it often 
happens that in passing from them through the moraine to the inner border district a great 
descent is made. This is conspicuously the case with the strong morainic system above out- 
lined through much of its course from Clare to Alcona county. It is also not rare to find the 
terminal moraine becoming very weak while the outwash deposits continue prominent. In view 
of these conditions It may not be remarkable to find places such as this in southern Alcona 
founty where the ice failed to build up a deposit t>eneath its edge that would resemble a 
moraine or approach in bulk that made by the waters in the outer border district. This 
bluff-like border is more conspicuous near the county line than farther north and becomes a 
gradual and inconspicuous slope at the north border of the sand plain in Sec. 2, T. 26. R. 7 E. 
As yet nothing has been noted by which the ice t>order can be traced farther north. It seems 
probable, however, that the ice held this position at a time not long previous to that in which 
it was forming tbe Alcona moraine. The continuation of the ice border in that case is likely 
to have been northeastward across Gustin township (T. 26, R. 8 E.) toward the east end of 
tbe great interlobate morainic tract of the north half of the county. 

The outer border drainage. — The streams which issued from the Ice margin during the 
development of the great morainic system above mentioned, found at first a southwestward 
discharge to the Muskegon river through the sand plains and swamps of Oscoda, Crawford, 
Ogemaw and Roscommon counties. But when the ice had shrunk to the inner border of that 
morainic flyHt^m lines of discharge were opened along or near that border and the waters 
reached a lAk«> known as lAke Saginaw In the western end of the low country bordering 
Saginaw hny, Innt^ad of dlnchar^ng through the Muskegon to the Lake Michigan basin. 
This lftk#>. h/»w^yf r, had a westward discharge through the Grand river valley into the Lake Mlch- 

» M*'»rftin*« oi ll#»f*««lon: Journal of Geology, Vol. V, 1897. pp. 421-465, especially p. 459. 
r^TPVif k#* ^^nmn t,f X.nkt'n Miiuroee, Whittlesey and Warren: American Geologist Vol. XXIV. 
lM<f*, %^. <^ «, #•!;*< »sU|r p. 20. 
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igan basin and thence on past Chicago to the Illinois and Mississippi rivers. One of these 
lines of southwestward discharge bad Its head on the flat topped gravel tablelands near Bam- 
fleld and after following the Au Sable southward about to the line of Alcona and Tosco 
counties it took a southwestward course to Lupton in Ogemaw county through a sand plain 
and swamp now drained northeastward by the Little Au Sable. From Lupton it passed south- 
ward through a sand plain which borders Rifle river to southern Ogemaw county and there, 
near Greenwood Station, entered Lake Saginaw. 

As the ice melted the lines of discharge were shifted to the east. Lake Saginaw (or per- 
haps its successor, Lake Warren, see discussion of Lake History below) also became expanded 
with the retreat of the ice and covered wide areas in Iosco and Arenac counties as well as 
counties farther south and west, its limits being marked by beaches that are as a rule well 
defined and easy to trace. The lake may have extended tnto Alcona county at the level of the 
sand plain In T. 25. Rs. 7 and 8 E but no shore lines were noted north of there above the 
Algonquin beach. It therefore seems probable that the lake occupancy was very brief if it 
extended to that region at all. 

The great sand plain which, as above noted, covers much of T. 25, R. 7 E. in Alcona county, 
also covers several townships in Iosco county. It spreads out like a great delta on each side 
of the Au Sable river from near the point where that stream enters Iosco county, and covers 
all of T. 24, Rs. 6 and 7 E. and part of R. 8 E. also much of T. 23, Rs. 6 and 7 E. and extends 
slightly into bordering townships on the south and east. At the east, as noted above, it ter- 
minates abruptly as If prevented by the Ice sheet from spreading farther. That the west- 
ern part was built up largely by a stream flowing down the Au Sable toward the ice is indi- 
cated by the slope of its surface, the altitude being about 50 feet higher in the north part of 
T. 24 R. 6 E. than it is in the southeast part of T. 24, R. 6 E., a distance of eight or nine 
miles down the. valley. But there is very little descent between the east side of T. 24, R. 6 
E. and the abrupt border about nine miles farther east. The level eastern part by barometer 
on train from Oscoda Is found to be 830 feet above the sea. As above suggested it seems not 
improbable that this level corresponds to the highest stage of Lake Saginaw (or of its suc- 
cessor, Lake Warren). 

There is a terrace along this part of the Au Sable standing about 40 feet lower than the 
sand plain. It terminates at the east in the abrupt border above noted as if the stream 
was still prevented by the Ice from carrying material farther. This abrupt border at 
the point where the Au Sable and Northwestern Railroad strikes it is known as Seven 
Mile Hill and at that point it is the terrace and not the sand plain which is entered, the 
border of the sand plain being entered by the railroad west of Bisonette. It is thought that 
this terrace may also stand at a level of Lake Saginaw (or Lake Warren) but one that is 
correspondingly lower than the one correlated with the sand plain. The full connections have 
not been worked out in either gase. 

The glacial drainage connected with the morainic spur that covers the north half of Alcona 
county Is very obscure. The low plains and swao|ps which occur among the hills and ridges 
or border the streams have not sufficient altitude to have given to streams that may have 
occupied them a southward or southwestward discharge into Lake Saginaw, and it is 
extremely doubtful if many of them represent lines of glacial drainage. A swamp leading 
south from the head of Sucker creek through Sees. 21, 2S and 33 T. 27, R. 8 E. to the head- 
waters of one of the tributaries of Pine river has the appearance of being a line of glacial 
drainage, though a weak one, for the valley it occupies is in places only one-elffhth mile in 
width. It is thought that the large amount of sand and gravel in the hills and ridges of this 
morainic tract Is an indication that the waters had considerable movement within the ice 
sheet and may have found discharge to a great degree without reaching the ground moraine 
under the ice. This being the case the valleys and low areas in this morainic spur may only 
represent places where the drift was too scanty to build up the surface there to a higher 
level, and may not be due to erosion either by glacial or postglacial streams. 

Thickness of the Drift, — That the glacial deposits of Alcona county 
are of great depth is inferred from the fact that no outcrops of rock are 
found within the county even in the deepest valleys, and from the fact 
that rock has been reached only by very deep borings.^ The valley of 
the Au Sable river, though about 400 feet below neighboring hills, car- 
ries no rock exposures within the limits of this county. Borings at Kill- 
master reached a level 150 feet below the level of Lake Huron before 
entering rock. There are wells 80 to 100 feet or more scattered over 
the older-settled parts of the county, and these all terminate in the drift. 
However, it is scarcely to be expected that the rock surface is as low 
throughout the county as at Killmaster, for in neighboring counties 
both on the north and south it stands in places 50 to 100 feet or more 
higher than the surface of Lake Huron. It seems to be below lake level 
in much of the shale areas on the border of the lake, but it is usually 
above lake level in the sandstone and limestone areas. If, then, as 
seems probable, the Berea Grit or other hard rock underlies a part of 
Alcona county, it is to be expected that the rock surface there will rise 

^ There is a bare possibility that rock wns struck at 60 feet in Sec. 3, T. 27, R. 9 E., and at 
36 feet at Black river, as Indicated in the discussion of wells. 
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toward lake level, but judging from the outcrops in the neighboring 
counties there is little likelihood that it will reach an altitude much 
greater than 700 feet above tide. This leaves room for nearly 600 feet 
of drift in the highest ridges of the western part of the county, and the 
depth there may be considerably greater. But little more can be said 
at present concerning the thickness of the drift, as the data are too 
meager either to indicate the range in depth or the average thickness. 

Stntctioc of the Drift, — The structure of the glacial deposits as here 
discussed involves not only the kind of rock or constitution, but also the 
mode of arrangement of the materials. The kind of rocks present in 
the drift of a given locality is a rude index as to the path over which 
the ice sheet moved, for fragments of rock from nearly every rock 
formation passed over are to be found in the material thrown down 
where the ice melted. The mode of arrangement of the materials is an 
index of the conditions under which the deposition took place. In some 
cases the dirt and stones from the melting ice were deposited in a cur- 
rent of water that was issuing from the ice margin; in other cases they 
were dropped in pools of quiet water, while in still others they fell 
directly on the ground. There seems,' also, to have been considerable 
water action within the ice, by which the materials which it contained 
were more or less assorted before they left the ice. The conditions in a 
given part of the ice margin are liable also to have changed from time to 
time and produced corresponding changes in the structure. Indeed, 
such changes seem to have been very general, for one seldom finds a 
uniform deposit from top to bottom of a drift bank of much height. 

In the deposits of Alcona county it is found that the rocks of sufficient 
size to be easily examined are composed very largely of Canadian crystal- 
lines, such as granites, quartzites and greenstones, together with a few 
red jasper conglomerates and other rocks of limited outcrop in Canada, 
and an occasional piece of native copper. The surface bowlders, espe- 
cially, are of Canadian rocks, but these rocks also abound at all depths 
in the drift. It was noted throughout the county that the proportion of 
Canadian rocks is much greater than in the drift of the central and 
southern parts of Michigan. With these Canadian rocks there is a 
liberal supply of Devonian limestones from the Hamilton formation 
that outcrops along the west shore of Lake Huron from Alpena north- 
ward, and that probably forms the bed of the lake for scmie distance 
southeast from Alpena. There are also numerous fragments of Devon- 
ian shale. Sandstones are rather rare, especially in the northern part 
of the county, as is to be expected from the very limited occurrence of 
sandstone ledges to the northeast of this county. There appear to be 
two or more sandstones represented, but to what horizon or horizons 
they belong is not yet known. In the southwestern part of the county 
a few blocks of the Eo-carboniferous gypsum rock were recognized by 
W. M. Gregory, who is familiar with the outcrops of this rock formation 
in Iosco and Arenac counties. On a hill north of Vaughn lake, Gregory 
has found specimens both of Devonian limestone and of Eo-carbon- 
iferons gypsum rock. The former, together with the Canadian rocks 
which also abound in the same hill, indicate a southwestward move- 
ment of the ic<». while the latter indicates a northwestward movement. 
The copper indicates a movement east of south. The northwestward 
7 
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movement is in harmony with the moraines, as above noted, and was 
evidently the latest one. The movement which transported material 
southwestward probably took place while the ice sheet was very thick, 
and its movement was not controlled by the lake basins to such a degree 
as in its waning stage. The southeastward movement which brought 
in the copper may have been a still earlier one, and may also have trans- 
ported the fragment«kof red sandstone that are present in this county and 
appear to be from the Lake Superior l^otsdam. 

The deposits of Alcona county range from well assorted, definitely 
bedded sand and gravel, through partially assorted and imperfectly 
bedded or partially commingled drift to a completely commingled 
deposit of materials of all sizes without assortment or bedding. The 
elevated parts of the county are as a rule composed of loose-textured 
material, but this material presents various degrees of assortment and 
bedding. In the low tracts there is a large amount of close-textured 
clayey material, but there are also strips of well-assorted sand and 
gravel traversing the low tracts. Sand and gravel are also found at 
moderate depths under much of the clay in the southeastern part of the 
countA'. The cause for the wide 'prevalence of assorted material there is 
not understood, though it seems probable that it was either an outwash 
from the ice, which was overridden by a fresh ice advance or the bed of 
an interglacial lake. 

As indicated above, the loose texture and partial stratification and 
assortment of the material in the morainic tracts are thought to be 
largely due to the action of water within the ice, for had it occurred 
outside the ice the material could hardly have had its present irregu- 
larities of surface. Instead of a moraine there should be a plain of 
gravel and sand such as that in T. 25, li. 7 E., if the water action had 
been outside the ice. There are a few small tracts within the elevated 
morainic area where but little water action seems to have taken place, 
and in these places there is a somewhat clayey drift. The most extensive 
one is west of Curran in the south half of T. 27, R. 5 E., but there is 
nearly as much clayey drift in the elevated northwest half of T. 25, R. 6 
E. Among the smaller tracts is one of three or four square miles in the 
west edge of T. 25, li. 5 E. ; another of about the same area in the south- 
west part of T. 28, R. 5 E., and a third in Sees. 3, 4, 9 and 10, T. 27, R. 6 E. 
There is also a large amount of close-textured drift in T. 28, R. 8 E., and 
the northwest part of T. 28, R. 9 E., on ground less elevated than that 
of the tracts just mentioned. 

The details concerning the surface portion of the drift are given below 
in the discussion of the soils and the wells. Very little is known con- 
cerning the lower portion of the drift. In the borings at Killmaster, 
which are the only ones which are certain to have reached the bottom 
of the drift, no notes were kept concerning the character of the deposits 
overlying the rock. 
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THE LAKE HISTORY.^ 

Predecessors of Lake Algonquin. — As soon as the ice sheet in the Huron- 
Erie basin had melted back from the rim of higher land which consti- 
tutes the continental divide, the waters from the melting ice became 
ponded between the ice margin and that divide and found discharge 
across the lowest point on the divide. This point was at Fort Wayne, 
Indiana, and the line of discharge is known as the Fort Wayne outlet, 
while the lake, from its occupancy of the Maumee basin, is known as 
Lake Maumee. Similarly the melting back of the Saginaw ice lobe 
resulted in a lake in the plain west of Saginaw bay, which is known as 
Lake Saginaw. This discliJirged westward past Pewamo, Michigan, into 
Grand river, and this outlet is known as the Pewamo channel or Grand 
river outlet. Lake Saginaw, however, did not begin its history so early 
as Lake Maumee. 

After a time sufficiently long for a well-defined beach to be formed on 
the shore of Lake Maumee, the ice in the Huron-Erie basin became 
melted back far enough for the waters of that lake to extend to Imlay, 
Michigan, where there is another place on the divide which was as low 
as the head of the Fort Wayne outlet. A double line of discharge then 
followed, and the level of Lake Maumee* was lowered a few feet. It 
remained at the lower level long enough to form a second beach. 

By a further recession of the ice, the waters of Lake Maumee reached 

^ The following references will enable the reader to consult the papers and reports 
which treat of the lake history here so briefly outlined. Papers which treat only or the 
beaches of the Superior, Michigan and Ontario basins are not here listed, because of the 
remoteness of application to this region. 

Dryer, C. R. — Geology of Allen County, Indiana : Sixteenth Ann. Rept. Geol. Survey Indiana, 
1888, pp. 105-114. 
The drift of the Wabash-Erie regions: Eighteenth Ann. Rept. Geol. Survey Indiana, 1893, 
pp. 82-90. 
FairchiUl. H. L. — Lake Warren shore lines In western New York : Journal of Geology, Univ. 
of Chicago. Vol. V. 1897. pp. 269-282. 
Glacial waters in the "Fingerlakes region" : Bulletin Geol. Society of America, Vol. X, 1899, 

pp. 20-68. 
Glacial lakes Newberry, Warren and Dana, in central New York : American Journal of 
Science, Fourth series. Vol. VII. 1899, pp. 249-263. 
Oilbert, O. K. — Surface Geology of the Maumee Valley : American Journal of Science, Third 
series. Vol. I. 1871, pp. 339 345 : Also Geology of Ohio. Vol. I, 1873. pp. 537-5.56. 
History of Niagara River: Sixth Rept. New York State Reservation at Niagara, 1890, pp. 

61-84. 
Niagara River: National Geographic Monographs. Vo*. I, 1896, pp. 203-236. 
Modification of the Great I^kes by earth movement : National Geographic Magazine, Vol. 
VIII. 1897, pp. 233-247. For fuller discussion see Eighteenth Ann. Rept. U. S. Geol. 
Survey, Part 2. 1898, pp. 601-647. 
Hubbard, Bela. — Lake Ridges in Southeastern Michigan: Third Annual Report of State 

Geologist of Michigan, pp. 102-111. Published separately as H. R. No. 8. Detroit. 1840. 
Lane, A. C. — Geological report on Huron county, Michigan: Geological Survey of Michigan, 

Vol. VII, 1900, I>art II, pp. 62-85. 
Leverett, Frank. — Correlation of the moraines with the raised benches of Lake Erie: Ameri- 
can Journal of Science. Third Series, Vol. XLIII, 1892, pp. 281-301. 
Correlation of New York moraines with raised beaches of Lake Erie : American Journal of 

Science, Third Series, Vol. L. 1S95. pp. 1-20. 
Correlation of moraines with beaches on the border of Lake Erie : American Geologist, Vol. 

XXI. 1898, pp. 195-199. 
Glacial Formations of the Erie and Ohio Basins: Monographs of the II. S. Geological 
Survey, Vol. XLI, 1901. pp. 581-775. 
Mudge, E. H. — Drainage Systems of the Carboniferous area of Michigan : American Geologist, 
Vol. XIV, 1894, pp. 301-308. 
Mouth of Grand River: American Journal of Science. Fourth Series, Vol. VIII. 1899» 
pp. 31-34. 
Newberry, J. 8. — Lake Ridges : Geology of Ohio. Vol. I. 1873. pp. 178-183 : Vol. II. 1874, pp. 50-65. 
Read, M. C. — Lake Ridges and Terraces : Geology of Ohio. Vol. I. 1873. pp. 488-492. 516-519. 
Sherzer, W. H. — Geological report on Monroe county : Geol. Survey of Michigan, Vol. VII, 1900. 

pp. 132144. 
Bpencer, J. ir. — Ancient shores, bowlder pavements and high-level gravel deposits in the 
region of the Great Lakes : Bulletin Geological Society of America, Vol. I. 1890, pp. 71-86. 
Deformation of the Algonquin beach and birth of I^ke Huron : American Journal of Science, 

Third Series. Vol. XLI. 1891, pp. 12-21. 
Notes continued on page 52. 
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the vicinity of Ubly, Michigan, and there fonnd a lower line of west- 
ward discharge than the Fort Wayne and Imlay outlets. The lake level 
was lowered about 30 feet, and the other outlets were abandoned. 
Because of this change in outlet the lake has been given a different 
name from its predecessor and is called Lake Whittlesey, in honor of 
Charles Whittlesey, one of the earliest students of these old beaches. 
By the time Lake Whittlesey began its history, Lake Saginaw had come 
into existence, and Lake Whittlesey discharged into it. The.Ubly outlet 
entered Lake Saginaw near Cass City, and from there westward into 
Saginaw county there was only a narrow strip of water along the south 
edge of the ice sheet, which then had its southern limits at a moraine 
that follows the north side of Cass river. • 

By a farther recession of the ice on the "Thumb" of Michigan, a wide 
opening was made from Lake Whittlesey to Lake Saginaw at a level as 
low as Lake Saginaw, and the two lakes became united. Because of 
this lowering of level and union of the two lakes a new name, Lake 
Warren, has been applied in honor of G. K. Warren, a pioneer student 
of lake beaches. Lake Warren discharged through the Grand river 
outlet down to a time when the ice at the eastern end of the great basin 
occupied by Lake Erie and Lake Ontario had melted back far enough to 
permit the discharge of its waters eastward to the Mohawk river. The 

High level shores iu the re^rion of the Great Lakes and their deformation : American 

Journal of Science, Vol. XLI, 1891, pp. 201-211. 
PoRt-Pllocene subsidence versus glacial dams : Bulletin Geological Society of America, Vol. 

II, 1891, pp. 465-476. 
Deformation of the Liindy beach and birth of Lake F^rie : American Journal of Science, 

Third Series, Vol. XLVII, 1894, pp. 207-212. 
The duration of Niagara Falls: American Journal of Science, Vol. XLVIII. 1894, pp. 455-472. 
A review of the history of the Great Lakes : American Geologist. Vol. XIV, pp. 289-301. 
The geological survey of the (ireat Lakes : I'roceedlngs American Association for the 

Advancement of Science, Vol. XLI 1 1. 1895. pp. 237-243. 
An account of the researches relating to the Great I^akes: American Geologist, Vol. XXI, 

1898 pp. 110-123, 393-396. 
Another episode in the history of Niagara Falls: American Journal of Science, Fourth 

Series, Vol. XVI, 1898, pp. 439-450. 
Taylor, F. B. — The highest old shore line on Mackinac Island : American Journal of Science, 

Vol. XLI 1 1, 1892. pp. 210-218. 
The ancient strait at NipisHlng: Bulletin Geological Society of America, Vol. V, 1893, 

pp. 620-626. 
The limit of postglacial submergence In the highlands east of Georgian Bay : American 

(;eologlst. Vol. XIV, 1894, pp. 273-289. 
The Munuscong Islands: American Cfteologlst. Vol. XV, 1895, pp. 24-33. 
The second I^ke Algonquin : American (ieologlst. Vol. XV, 1895, pp. 100-120, 162-179. 
i^hanges of level In the regi<m of the (ireat Lakes : American Journal of Science, Third 

Series, Vol. XLIX, 18JH>, pp. 69-71. Also Niagara and the Great Lakes : pp. 249-270. 
rreliminary notes on studies of the Great Lakes made in 1895: American Geologist, Vol. 

XVII, 1896, pp. 253-257. 

Correlation of Krle-lluron beaches with outlets and moraines In southeastern Michigan: 

Bulletin Geological Society of America, A'ol. VIII, 1897, pp. 31-58. 
Origin of the gorge at the whirlpool rapids at Niagara : Bulletin Geological Society of 

America, Vol. IX, 1S98. pp. 59-84. 
The great Ice dams of I^akes Maumee, Whittlesey and Warren : American Geologist, Vol. 

XXIV. 1899, pp. 6-38. 
A short history of the Great Lakes : Dryer's "Studies in Indiana Geography,'* Inland 

Publishing Co., Terre Haute, 1897, pp. 90-110. 
Vpham, Warren. — Relationship of the glacial lakes Warren. Algonquin, Iroquois and Hudson- 

rhamplaln: Bulletin Geological Society of America, Vol. Ill, 1892, pp. 484-487. 
Late glacial or Champlain subsidence and reelevation of the St. Lawrence River Basin : 

American Journal of Science, Third Series. Vol. XLIX, 1895. pp. 1-18. 
Stages of recession of the North American ice sheet shown by glacial lakes : Bulletin Geolog- 
ical Society of America. Vol. VI. 1895, pp. 21-27. 
Beach ridges in Cleveland: Bulletin (ieological Society of America, Vol. VII, 1896, pp. 

340-34S. 
Origin and age of the Laurentian lakes and of Niagara Falls: American Geologist, Vol. 

XVI I I, 1896. pp. 169-177. 

Whiitleften. CharhH.--l)n the natural terraces and ridges of the country bordering Lake Erie: 
American Journal of Science, Second Series. Vol. X, 1850, pp. 31-39. 

Wiitchell. \. H. — The surface geology of northwestern Ohio : Proceedings American Associa- 
tion for the advancement of Science. Vol. XXI. 1872, pp. 152-186. 

Wright. A. A. — Map of lake ridges in Lorain and Cuyahoga counties: Geology of Ohio, Vol. 
II, 1874. pp. 58-59. 
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lake then ceased to exist as a single large body, but was succeeded by 
three lakes: Lake Algonquin, which occupied much of the area of Lakes 
Superior, Michigan and Huron, and the low land on their borders; Lake 
Erie, in the Erie basin, and Lake Iroquois, in the Ontario basin. It is 
only with the lirst of these lakes that we are here concerned. 

Lake Algonquin, — The name Lake Algonquin Avas applied by J. W. 
Spencer in 1888 to a body of water which occupied the basins of the 
upper Gi-eat Lakes and discharged through the Trent valley in Ontario 
into Lake Iroquois in the Ontario basin.^ 

The shore or beach of this lake was first discussed by Spencer In 1891, attention being 
called chiefly to the part of its shore southeast of Lake Huron and (Jeorglan Hay.^ The 
presence of the beach on the west shore of Lake Huron was Inferred but not observed by hira. 
The tracing? of the part of this beach in Michigan has been done by F. B. Taylor, who In 1895 
carried his studies from the Straits of Mackinac southward on the shore of Lake Huron and 
of Lake Michigan far enough to determine the extent of Lake Algonquin In each of these 
basins. He has also extended his studies some distance Into the Lake Sui>erlor basin. The 
results of his work have only been brieflv outlined In a communication to the American 
Geologist In 18903 and In his 'Short History of the Great lakes' In 1897*. He found 
that Lake Algonquin had at first a southward discharge through the St. Clair and Detroit 
rivers into the Krle basin, for It came Into action before the Ice had withdrawn from Balsam 
Lake at the head of the Trent valley In Ontario. When the Ice uncovered Balsam Lake the 
discharge of Lake Algonquin shifted to the Trent valley. It is his opinion that the head of 
the Trent outlet was not much below the level of the St. Clair outlet at that time so that 
the change produced but a slight lowering of the lake. He has also found that Lake Algon- 
quin had Its discharge slilfted back to the St. Clair outlet through an uplift of the region 
occupied by the Trent outlet. Its history has, therefore, Ijeen more complex than was antic- 
ipated by Spencer. 

These investigations by Spencer, Taylor and others have shown that the Algonquin beach on 
the borders of Lake Huron and Lake Michigan Is inclined upward In a north-northeast 
direction, but that In the eastern half of the Superior besln It is practically horizontal. It 
was of course horizontal throughout when formed except perhaps at its northeast end on the 
Immediate border of the Ice sheet where Ice attraction may have held the water a little higher 
than the general level of the lake. The departure from horlzontallty here in Michigan may, 
therefore, be taken as a measure of the amount of uplift that has occurred. The level of the 
Algonquin beach at the south end of Lake Huron as Interpreted by Taylor, Is about 25 feet 
above the surface of Lake Huron. The rise Is very gradual between there and Alcona county 
for the beach at (Jreenbush Station on the new line of the Detroit and Mackinaw railroad is 
about 60 feet and at the court house at Harrlsvllle 63 feet above Lake Huron (as determined 
by hand level from railway track on Main street In Harrlsvllle L But on Mackinac Island 
tiie beach Is 170 to 205 feet above Lake Huron. Taylor reports that there is a heavy well- 
developed beach at an altitude about 170 feet which Is tlie lowest of a series of four or five 
similar ridges which rise by successive steps to an altitude of about 205 feet above Lake 
Huron.* 

According to Spencer the Algonquin beach rises on the east 8hoi*e of F^ake Huron from 18 
feet below Lake Huron at Port Huron to 134 feet above the lake at Southampton, Ontario, 
which Is nearly opi)osIte (Jreenbush In Alcona county. This part of the east sliore IS nearly 
along the line of uplift while the west shore departs from It 45 to 60 degrees or more. It Is, 
therefore, not surprising that the beach stands markedly higher at Southampton than at 
(ireenbush.* The rise from Tort Huron to Southampton, allowing It to be 2r> feet above 
I^ke Huron at Tort Huron, Is about one foot per mile, while from Tort Huron to (ireenbush 
It is about 3.5 Inches per mile. 

The Algonquin beach is a strong one in Alcona county and has been 
recognized by many of the n»sidents as an old lak(» shore. It has been 
cut back in i)hices about one-fourth of a mile into the s1o]h» of the Alconi 
moraine, and presents in such places a stee]) blutf, which may be .SO to 
50 feet in heigh L The average height from (rrcHnibush northward to the 
north line of the county is more than 20 feet. South from (Ireenbush 
the lake did but little cutting. Instead it built a series of low gravelly 
bars II to (5 fe(*t high and 50 to 100 yards or more wide, which are 
separated by narrow swamps or sloughs. These fill in much of the 
interval between the Alcona moraine and Odar lake. 

In front of the old lake blutf bowlders are in places so numerous as 

^Proceedings American As.socIatlon for Advancement of Science, Vol. .'J7. ISSS. p. 190. 

= Deformation of the Algonquin beach and birth of Lake Huron : American Journal of 
Science, Vol. 41, ISOl. pp. 11-21. 

•Preliminary notes on studies of the Great Lake.^ made In ISD.j: American (Jeologlst, 
Vol. 17, 1890. pp. '2o:\'2:»l. 

* Dryer's "Studies in Indiana Geography," pp. lO-JlO.',. 

*The highest old shore line on Mackinac Island: American Journal of Science, Vol. 43, 
1802. p. 210. 

•American Journal of Science. Vol. 41, D^Ol, p. 14. 
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to constitute a pavement. They abound for a distance of one-fourth to 
one-half mile east from the old shore. They are probably in large part 
a residue from the glacial deposits which the lake eroded as it was 
cutting back its shore, but some may have been shoved up toward the 
shore by rafts of ice in the spring. There are also deposits of cobble 
and gravel along the base of the lake bluff at numerous points. In the 
A'illage of Harrisville the gravel stands in a double crested ridge or bar 
with a swamp back of it and a rather steep bank along the front. The 
court house is built on the front or eastern crest. It is probable that the 
bar is a storm beach and stands slightly above the mean level of the 
old lake. This may account for the cutting of a bank on its front. In 
this connection it may be remarked that the base of the bluff is gener- 
ally a few feet lower (5 to 10 feet) than the highest part of the gravel 
bars along the old shore. This is perhaps an indication that the lake 
had dropped to a slightly lower level before it had completed the cutting 
of the bluff. The solution of the question should be reached as studies 
become more extended. 

The Xipissing Great Lakes, — When the ice sheet had melted away from 
the lower end of the St. Lawrence valley a direct eastward outlet for 
the three lake basins which had been occupied by Lake Algonquin was 
opened, and the waters fell nearly to the level of the present lakes. 
They were connected by straits almost as narrow as at present, and hence 
may be considered independent water bodies. Taylor has given them 
the name Xipissing Great Lakes, from the Nipissiug outlet or pass 
through which the waters discharged from the east end of Georgian 
bav into the Mattawa-Ottawa channel that led to the St. Lawrence. 
The lakes which we have been considering were glacial lakes whose 
extent and altitude were more or less dependent upon the ice sheet, but 
the Nipissing Great Lakes were post-glacial and independent of the ice 
sheet. 

The Nipissing beach formed on the west shore of Lake Huron was 
found by Taylor to intersect the shore of Lake Huron near Harrisville. 
To the south from there it is below the surface of Lake Huron, while to 
the north it rises gradually, reaching an altitude of about 45 feet above 
the lake at Mackinac Island and about 100 feet at the Nipissing outlet 
at the east end of Georgian bay. The city of Alpena is built on this beach, 
and it forms a conspicuous sandy belt in the northeast part of Alcona 
county along the east side of the north fork of Black river. It comes 
to the shore of Lake Huron about a mile south of Black Kiver village, 
and is not well displayed farther south except perhaps in the low sandy 
ridges at and back of Sturgeon Point light-house. These were probably 
formed by Lake Nipissing rather than by Lake Huron, though they 
stand so near the level of the high stages of Lake Huron that it is not 
an easy matter to settle their relationship to Lake Nipissing. 

The strength of the Nipissing beach and the size of its outlet channel 
indicate that the lake lasted through a considerable period. Taylor 
thinks that its beach is stronger than the Algonquin. Its history was 
brought to a close by the shifting of the outlet to the present one, 
through the St. Clair river, as a result of the uplift of the northern part 
of the country. 

Lake Hurotk. — The fluctuations of Lake Huron, the probable length 
of time it has existed, and the various phases of its shore, have been 



ANNUAL REPORT FOR 1901. 65 

discussed at some length by State Geologist A. C. Lane in his report on 
Huron county in Vol. VII of this survey. It is his opinion that the 
work accomplished by the Nipissing lake and Lake Huron, which he 
thinks have a level very nearly coincident in that county, is greater than 
that by Lake Algonquin in about the ratio of 3 to 2, and that the work 
accomplished since the beginning of Lake Algonquin is somewhat 
greater than that by Lakes Whittlesey and Warren. The records of 
lake fluctuation for the 100 years 1800 to 1899, together with the rain- 
fall data from 1857 to 1890, are set forth graphically in a diagram. It 
appears that there is a rude correspondence between the extreme stages 
of the lake and the wet and dry |>eriods, as well as an annual cycle 
dependent upon the rainfall, evaporation, etc, at the various seasons 
of the year. The extreme fluctuation is nearly 6 feet and the annual 
about 1.34 feet. 

Aside from the fluctuations which are due to variations in rainfall, 
there is thought to be a gradual emergence of the land on the border 
of Lake Huron as the result of an uplift now in progress. This matter 
has been investigated by G. K. Gilbert of the United States Geological 
Survey, and he calculates that the rise of land at the Straits of Mack- 
inac is at the rate of 6 inches per century, and diminishes to zero between 
there and the outlet at Port Huron.^ Concerning the length of time 
I^ke Huron has existed, Gilbert remarks as follows:^ 

"The deduced mean rate of change — 0.42 foot to the 100 miles In a century — depends on 
assumptions which are convenient rather than probable. These are : (1) that the whole 
region moves together as a unit being tilted without internal warping, and (2) that the 
direction of Its present tilting is Identical with the direction of the total change since the 
epoch of the Nipissing outlet of the upper lakes. What we know of the general character of 
earth movements gives no warrant of such assumptions of uniformity, but no better assump- 
tions as to this region are now available. • • • • • i am disposed to ascribe only a low 
order of precision to the deduced rate of change, and regard it as indicating the order of 
magnitude rather than the actual magnitude of the differential movement. 

"If we assume that the rate of 0.42 foot per 100 miles per century is uniform and secular, 
and project it backward to the time when the drainage of Lake Huron was shifted from 
North Bay to Port Huron, we obtain for the period since that change about 10.000 years. 
From studies at Niagara. Taylor has estimated the sama period as between 5,000 and 10,000 
years; (Hull. (leol. Soc. America. Vol. TX. 1898, p. 83) and the comparison Indicates that the 
rate of modern change Is of such magnitude as to accord well with the idea that It continues 
the geologic change." 

In the last 10 years the land is said to have made 10 rods abreast of 
the life saving station at Sturgeon Point. At the beginning of the 
period it was cutting right up to the fence lines of the light-house 
■enclosure. Thence all the way to Harrisville there seems to be a strip 
200 feet wide of recent growth, and at Harrisville the report is that 
from 1884 to 1886 the lake was cutting the bluffs, which are now about 
380 feet from the lake front. 

ECONOMIC RESOURCES. 

Soils. — Alcona county presents wide variations in the character of its 
soil, there being a range from the most productive clay and clay-loam 
soils to the most barren sand. There is also considerable swampy land 
with peaty soil. The clay and clay-loam soils usually contain enough 
water to supply the needs of plants. The sandy and loose-textured 
soils vary greatly in the moisture contained in them, in some cases being 
sufficiently damp to be productive, and in some cases dry and barren. 
The following classes of soil may be readily distinguished: 1, clay; 2, 
clay-loam; 3, sandy loam; 4, wet sand; 5, dry sand; 0, peaty or organic 

» Eighteenth Annual Report l*. S. (;eologlcaI Survey, part U, pp. 030-640. 
»Loc. clt. pp. 637*000. 
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soil. There are parts of the county where a single (;lass of soil pre- 
vails over a wide area, and parts where a single farm may contain two 
or more classes. In the latter ease the soil is referred to as mixed or 
variable. The descriptions of the soil below are given by townships, 
beginning at the lowest number and working to the highest, and should 
be used to supplement the map, Plate II. 

In T. 25, R. 5 E., situated in the southwest corner of the county, there 
is a strip of productive land with clay-loam soil occupying the west 
border in Sees. 7, 17, 18, 11), 20, 30 and 31. There is also clay-loam on 
the east border in Sees. 1, 24 and 25. The remainder of the township 
is mainly sandy barrens, the principal exception being a narrow strip of 
wet land along the Au Sable river valley. 

In T. 25, R. G E., there is a tract of productive clay and clay-loam soil 
embracing fully 25 square miles. The poor land lies around the edge of 
the township, there being a narrow strip on the south edge that is sandy, 
and parts of the north and west borders that have a sandy loam of poor 
quality and too broken for easy cultivation. A portion of the pro- 
ductive land in the north and west parts of the township has a ver}' 
hummocky topography, and is therefore difficult to cultivate, but makes 
excellent pasture land. Several lakes in this broken area add to its 
value for pasture or grazing. 

In T. 25, R. 7 E., there is only a narrow strip of productive land situ- 
ated on the north and west borders, mainly in Sees. 1, 4, 5, 0, 7, 18 and 10, 
and embracing perhaps square miles. It has a mixed soil with spots 
of clay, with wider areas of sand and sandy loam. The remaining parts 
of the township are dry, sandy barrens. 

In T. 25, R. 8 E„ there is a large amount of wet land mapped by the 
land survey as s.wamp, but which when cleared and ditched is found to 
be a good farming district. In the northeast part of the township in 
Sees. 1, 2, 11, 12, 13 and 14, there is a heavy clay soil. The remainder 
of the township carries a mixed soil with abrupt changes from sand to 
clay and a predominance of sand. With the exception of a narrow strip 
of dry sand on the west border, which is barren, the sand of this town- 
ship is .generally productive, and several good farms have already b(»en 
cleared in the central part of the township. 

In T. 25, R. E., there is a heavy clay soil in Sees. 5, 0, 7 and IS, and 
considerable productive land from these sections eastward to the shore 
of Lake Huron. A part of the moraine in Sees. 4, 8 and has a rather 
light sandy loam soil. The south half of the township is largely swamp 
land interspers<»d with sandy and gravelly ridges formed by Lake Algon- 
quin. Some of the wet land in the southwest part of the township has 
been brought under cultivation and proves to be very productive. It 
embraces a bay of Lake Algonquin and has a soil of fine sand or loam. 

In T. 2<), R. 5 IC, there is a very broken tract of s^uidy loam. The same is 
true of T. 2(5. R. E., ex^vpt about 12 square miles in the northea\st part, 
which is a level tract of wet sauid. Hoth t<>wnships are much lietter 
adapted to grazing than to farming. There are several lakt»s in the hilly 
portion and several small streams in the fiat portitvn, which atToiil au 
abundant supjily of water for herds. 

In T. 2(>, R. 7 E., there are a few square miles of sand and sandy loam 
with rather light soil, but much of the township has a produrtive soil 
of dav and dav-loam. The most barren soil is found in Stn^s, IS. 10. 20, * 
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21, 22, 27 and 28, being largely dry sand. Sees. 3, 2, 3, 4, 12 and 13 have 
much sandy land but are well watered and adapted to grazing. The 
remainder of the township has a mixed soil with patches of clay and 
much clay loam and a moderate amount of sandy loam. Nearly all can 
be brought under cultivation except the sandy sections above mentioned. 

In T. 2G, R. 8 E., there is a tract of productiAe clav land in the eastern 
part, in Kecs. 11, 13, 14, 23, 24, 25, 26, 35 and 3G. The northern third has 
a sandy loam and is adapted to grazing rather than agriculture. The 
remainder of the township has a mixed soil with a sufficient amount of 
clay and clay -loam to justify bringing it under cultivation, and a large 
part is already cleared and farmed. 

The greater part of T. 2G, R. 9 E., is productive farming land. There 
are a few farms with sand and sandy loam along the Alcona moraine 
in the eastern part of the township. The northwest part in Sees. 5, 6, 
7, 8, 17 and 18 also has a sandy loam soil, but it is fair to good farming 
land. The narrow lake plain is in places very stony and is on the whole 
less productive than the upland back of it. 

In the southeast part of T. 27, R. 5 E., there is a tract of about 15 
square miles which has a productive soil of clay and clay-loam. The 
western and northern portions have a lighter soil, adapted to grazing 
rather than farming. The northeast part is level, and there is con- 
siderable swampy land in Sees. 1, 12 and 13. 

In T. 27, R. 6 E., there is a tract with productive clay-loam soil extend- 
ing northeast from the productive tract in T. 27, R. 5 E., from Sees. 
18, 19, 30 and 31 to Sees. 3 and 4. It is very hilly in Sees. 17, 18, 19, 20, 
30 and 31, and difficult to cultivate, but in Sees. 3, 4, 9 and 10 there is an 
undulating surface easy to farm. The remainder of the township is 
adai)ted to giazing and well watered, but the soil is rather light for 
farming. 

In T. 27, R. 7 PJ., there is very little productive farming land. The 
northwest quarter is largely swamp and part of it covered continually^ 
with water. It opens into Hubbard lake at the northeast end. The 
remainder of the township has a rather light sandy loam soil that can 
be best utilized for grazing land. 

In T. 27, R. 8 E., the productive land is largely situated in the south- 
east <iuarter, there being considerable (»lay-loam soil in Sees. 23, 24, 25, 
2G, 27, 34, 35 and 3(>. There is a swampy tract along Sucker creek, 
which wiien cleared up and ditched may become productive. The 
uplands in the northern and western parts have some clay-loam, but 
sandy soil predominates and grazing would probably be more profitable 
than agriculture. 

In T. 27, R. 9 E., there is a large amount of productive farming land, 
which is nearly all under cultivation. The western and northern borders 
have a sandy loam, and the moraine and lake plain that lie between 
Black river and Lake Huron have a saudv or sandv loam soil, but in 
the remainder of the township day-loam greatly predominates over the 
lighter soils. 

In T. 28, R. 5 E., in the extreme northwest part of the county, there 
is but little land adapted to agriculture, and this is in a belt of hard- 
wood timber in the southwest part, covering parts of Sees. 29, 30, 31, 32, 
33 and 34. The eastern edge of the township is fiat and rather wet. The 
remainder is dry and largely rolling land with light soil. 
s ' 
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On the west border of T. 28, R. 6 E., there is a strip of flat and rather 
wet sandy land. There is also a large swamp in the northeast part in 
Sees. 1, 2, 3, 11 and 12. The remainder of the township is rolling land 
with rather thin soil. The wet land may be brought under cultivation 
after it is cleared up and ditched, but the uplands are scarcely suitable 
for farming. 

In T. 28, R. 7 E., there is scarcely any land under cultivation and 
much of it has a light soil. Hubbard lake occupies about one-third of 
the township. It is doubtful if the uplands west of the lake will be 
worth settling, but northeast of the lake the soil is better, though it is 
a very hilly tract. 

In T. 28, R. 8 E., there is a large amount of productive land. At least 
80 per cent of the land is a rich clay or clay-loam. The only tracts worth 
mentioningthat are too light for agriculture are small areas in the north- 
east and southeast corners and in Sees. 21 and 28. There is a large 
swampy tract at the headwaters of Sucker creek in Sees. 25, 2G, 27, 34 
and 35. There are also swamps in the southwest and northwest parts of 
the township. 

In T. 28, R. 9 E., which is the northeastern corner township, there 
are a few square miles of productive land in Sees. 6, 7, 8, 17, 18, 19, 20, 
21 and 22, with considerable clav-loam soil. There is a verv broken 
tract south of these sections in the southwest part of the township with 
a rather light soil. The remainder of the township is a low swampy 
tract bordering the lake. 

Wclh, — It is only in the thickly settled eastern portion of the county 
that wells have been put down in suflicient number to test the supply of 
underground water, and even there it has usually been tested only to 
very slight depths. Throughout the thinly settled western and central 
portions, springs and surface water are generally adequate to the needs 
of the residents, though the quality of water is in some cases very poor. 

The wells are usually between 15 and 30 feet in depth and obtain a 
moderate supply of water of fair quality. They appear to be supplied 
largely by seepage from the clay which prevails in that part of th«* 
county. The deep wells present less uniformity tlian the shallow ones, 
some being strong while others are so weak as to be pronounced failures. 
Some are entirely through clay, while others are largely through sand, 
and still others pass through alternations of sand and gravel with clay. 
The wells indicate that there is a widespread and thick bed of sand 
under the surface clay in the eastern part of the county. It is often 
dry for a few feet, but is charged with water farther down. In such 
wells there is little or no rise of the water above the level at which 
it was struck. Wells which enter waterbearing sand immediately 
under the clay are liable to have a head considerably higher than the 
top of the sand bt»d. 

It is probable that flowing wells nuiy be obtained by sinking to a 
depth of 100 to 150 feet or less in several localities within the county, 
for the situation is very similar to that in flowing well districts in 
neighboring counties toward the southwest. The eastern slope of the 
prominent moraine from Lott postoflice northward across Tps. 25, 2G 
and 27, R. 6 E., seems a very favorable place for flowing wells, the con- 
ditions being similar to those at Rose City and West Hranch, in Ogemaw 
county. Possibly flows may be obtained in the southeast part of T. 
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27, R. 5 E., and northwestward from there past McCollum lake. If the 
ice sheet pushed up into that region from the northeast, as seems prob- 
able, the waters which soak in along the elevated moraine that con- 
stitutes the divide between the Au Sable and Thunder Bay rivers are 
likely to be working down the slope toward Thunder Bay river and may 
have sufficient head to overflow in the comparatively low tracts at the 
head of Wolf, Silver and McGinn creeks, and for some distance down 
these streams. 

In the eastern part of the county, flowing well prospects seem good all 
along the lake shore on the east side of the Alcona moraine. Flows 
may also be struck in low ground both north and south of the divide 
between tributaries of Hubbard lake -and the headwaters of the east 
and west branches of Pine river. One flowing well has already been 
obtained near a branch of Pine river in Sec. 11, T. 26, R. 8 E., at the 
moderate depth of 65 feet, which is at least an encouragement to pros- 
-pect for others in similar situations along each side of this divide. 

At Harrisville and Springport and for some distance north and south 
from these villages there are strong springs issuing along the border 
of the lake, which supply the needs of residents to such an extent that 
but few wells have been made. 

At Black River village water is hauled from the lake and delivered 
in barrels to the residents, the lake water being of far better quality 
than that obtained in shallow wells in that swampy tract. W. R. Smith 
made a boring in this village which struck a hard material, possibly 
bed rock, at 36 feet. A second boring a few feet distant struck a similar 
material at the same depth. 

At Greenbush wells 25 to 80 feet deep furnish a good quality of water. 
They are largely through sand and gravel. 

In the vicinity of Lincoln the wells are 30 to 40 feet in depth, largely 
through sand. In this village the lakes are used to a great extent for 
watering horses and cattle. 

In and near Mikado several wells are about 30 feet in depth, and are 
largely through clay. William Dolson has a well 64 feet deep on his 
farm south of the village which was all clay except thin sand beds at 
45 and 50 feet. It was of a yellow color to a depth of 12 feet, the 
remainder blue. There is a good supply of water in this well, but one 
20 rods south at John Butterfleld's reached a depth of 70 feet without 
obtaining a supply of water. 

At Killmaster there is abundance of water at various depths, as 
shown by the three deep borings made in prospecting for oil. The 
water overflows from the base of the drift. Records of the borings 
api>ear in Dr. Lane's discussion of gas (pages 65 to 67 of this report). 

At Vaughn Station, Hartwell llayes bored 80 feet through clay and 
found very little water, but several wells in the vicinity of this station 
obtain a good supply of water at about 30 feet. 

The following records of farm wells in the eastern part of the county 
illustrate the variable depths at which water is found, and to some 
extent the beds penetrated: 

A borinfr in Sec. 4, (Jreeobush towniiblp on land of James McClelland was sunk 95 feet 
entirely through nand and jfravel without ohtnlnlnjp water. It Is on the crest of the Alcona 
moraine at an altitude about KV) feet above Luke Huron. 

John K. McDonald has a well In Sec. 6, (treonbush township, 44 feet deep, which passed 
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through a blue-black clay In its lower part but obtained a good quality of water. Some 
wells in that vicinity have a water with a bad odor, obtained In the blue-black clay. 

A. D. McDonald has a well in Sec. 9, Greenbush township. 44 feet deep, which has only two 
feet of water, but is a strong well. It penetrated 14 feet of clay at top, below which was dry 
sand to the water near bottom of well. Mr. McDonald has dug a number of wells in that 
vicinity on other farms which enter sand below a few feet of clay. 

Adolphus Lovlett in Sec. 34, Ilarrisville township, bored 60 feet without obtaining water, 
but a well across the rood obtained water at 30 feet. It is, however, of poor quality with 
offensive oder. 

Charles Clayton has a well In the northwest part of Sec. 34, which obtained a good supply 
of water. The depth is 57 feet ; for 40 feet there is a loose textured material below which is 
a hard clay. 

Mrs. Dean made a boring 105 feet at her residence in Sec. 22. Ilarrisville township, which 
struck a water-bearing fine sand at 45 feet and did not reach the bottom of that deposit The 
pipe has been drawn up to the top of the sand bed because the sand screens better there 
than in the lower part. 

James Clemens bored 110 feet at his residence In Sec. 20, Ilarrisville township,* and obtained 
but little water. There are, however, several good wells near by with a depth of only 20 to 
30 feet. 

Frank Spencer has a well in Sec. 18, Ilarrisville township, 66 feet deep that has 40 feet of 
water. It penetrated 47 feet of dry sand, and then wet sand to the bottom. 

Mrs. Chapel, 2.5 miles west of Harrisvllle, has a well 95 feet, but wells in that vicinity are 
usuallv shallow 

Thomas Stone has a well in Sec. 15, Ilarrisville township, 56 feet deep, which struck a weak 
vein of water in fine sand near the bottom. 

Mrs. B. Culver's well about a mile southeast of Lincoln is 68 feet deep and water rises 17 
feet. 

The flowing well at Frank Blong's residence, two miles southwest of Lincoln, in Sec. 11, 
T. 27, It. 8 E., is 65 feet, with the head Ave feet above the surface. It penetrated : (1) clay 
18 feet; (2) gravel and weak water vein, 8 Inches; (3) clay with hard crust at about 30 to 35 
feet from surface and softer clay below, 44 feet; (4) gi*avel with flow of water, 2 feet. Altitude 
of well about 120 feet above Lake Huron. 

John Clarke, In Sec. 27, T. 27, K. 8 E. has a well on high ground that is 65 feet deep and has 
very little head, though a strong well. It penetrated : (1) loamy soil 3 or 4 feet ; (2) yellow^lsh 
clny 30 feet ; (3) dry sand, becoming wet near bottom, 30 feet. Mr. Clarke made a well on low 
ground in the northwest part of this section which has .some oil on the water and an offensive 
smell when boiled. 

Arthur Close has a well 53 feet deep in Sec. 34, T. 27, R. 8 K. that has only a few Inches 
depth of water yet Is strong. Edward Burge has another In the same section, 40 feet deep, 
with but little head, and I>. W Brooks has one In Sec. 36. that is 36 feet in depth. In this well 
there are 24 feet of stiff clay below which are thin beds of sand and clay. 

Napoleon Sherbeneau made a well 117 feet deep In Sec. 34, Haynes township, which is in 
sand and gravel at bottom, but passed through much clay. It has considerable head. Ills 
neighbor. James Barber, In the same section has a well 104 feet which also has considerable 
head. Another neighbor, Mr. Mclntyre. In Sec. 4. Ilarrisville township, has a good well 56 feet 
deep. Each well is about 170 feet above Lake Huron. 

Frank Elmer, near center of Sec. 3, Ilaynes township, sunk a well 64 feet. 2 in. deep, which Is 
reported to have entered a white material near the bottom that (Contains some mineral thought 
to be lead. The beds passed through are said to be : 20 feet clay, 4 feet sand where first well 
caved, 3 feet boulders, 4 feet blue clay hardpan, 10 feet quicksand, then hardpan and sticky 
stuff to the water gravel. The water Is hard, but free from chlorine or sulphates. Mr. Leverett 
was told that the well went through 40 feet clay and 20 feet gravel before striking the white 
material. Other deep wells in the north part of Ilaynes township are as follows: James 
Martin's, east side of Sec. 10. depth 104 feet ; Joseph Miller's In southwest part of Sec. 11, 
about 80 feet ; Fred Otto's, In southeast part of Sec. 5, 56 feet. None of these wells struck 
the white material which was found In Mr. Elmer's well. 

Alexander McDonalds- well. In the southeast part of Sec. 2. T. 28, K. 8 E. is 1(« feet. It pen- 
etrated 20 feet of clay at the top, below which was dry sand, becoming wet near bottom. The 
altitude is about 280 feet above T^ake Huron. A neighboring well In Sec. 11. Is 80 feet. West 
from there on the low tract neor Spruce ptjstottice wells are obtained at shallow depths. 

MARL. LEVERETT. 

^larl deposits in Alcona county, so far as exaininecl, wcro found to be 
too thin to be utilized in the cement industry. There is from i\ to 'iii 
feet of rather impure marl in the lake on the township line a mile west 
of Lincoln. About 6 fe(»t of marl, apparently of p;ood quality, was 
found on the border of Tubb's lake in Sec. 31, T. 20, K. 7 E., forming a 
platform 10 or 12 rods wide. 3Iarl deposits 1..! to 2 feet thick are 
exposed in a railway ditch in a swhmp one-half mile north of Ilarris- 
ville Station, and a similar depth in railroad ditches south of (ireeii- 
bush on the west side of Cedar lake. 



• Near the east branch of the IMne, 6i0 A. T. 
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MARL (bog lime). — LANE. 

Deposits of what is .popularly known in Michigan as marl, but is 
nearly a pure calcium carbonate, occur at a number of points at Spring- 
port (South Harrisville), Kirk Ludington's, Shabno's, four miles south 
of the Presbyterian church in T. 27 N., R. 9 E., etc. 

A very interesting deposit in some ways is one that is crossing the 
lake road about three miles and a half north of Harrisville. It covers 
probably not less than 20 acres. I do not know how deep it is, though it 
has been tested. The interesting thing, however, is its mode of occurrence, 
which is directly in front of the bluffs worn by the lake at a higher level, 
with no ridge or barrier between it and the present lake. It is wasting 
away, but the upjier part is redissolved and precipitated and passes into a 
firm and hard calcareous tufa, while as one goes down it becomes 
granular and then soft. It appears to be a genuine Chara lime formed 
by the precipitation of lime by the lake weed known as Chara, but it 
can hardly be supposed to have been found in such purity directly on 
the beach of a great lake, and we are forced to assume that it is the 
relic of a small lake, the rest of which has been eroded away. 

There* is enough, perhaps, for lime kilns, but hardly, I think, for a 
cement plant; and, beside, it is so hard and granular on top that the 
advantage of marl, its fine sludgy character suitable for mixing, would 
be lost. 

CLAY. LEVERE'm\ 

In general, clay deiwsits of fine and uniform texture are rather rare 
in Alcona county, but in the southeast part there is considerable clay 
that carries but few pebbles, an area of several square miles being 
found around Mikado and northward from there between Gustin and 
Killmaster. Although an unsuccessful .attempt has been made to burn 
a kiln of brick at Mikado, it seems probable that the surface clay will 
in many cases prove suitable for brick or tile. It will at least be worth 
while to experiment further with the clay, for that part of the county 
would be greatly improved by underdraining with tile, and it will be 
an advantage to manufacture the tile where it is to be used. 

CLAY. — LANE. 

At South Harrisville, Sec. 32, T. 2G N., K. 9 E., some brick has been 
made of glacial clay. It is not entirely free from pebbles, effervesces 
somewhat and makes cream-colored brick. Some brick has been 
made also at Mikado (West Greenbush) of a similar quality. All the 
clays of the county are Pleistocene or surface clays, and it is the almost 
universal rule that such clays have more or less calcium and magnesium 
carbonate. Generally the top of the bed is free from carbonates, which 
have been leached out. 

Just at Harrisville the stream falls over a smooth, well-bedded clay, 
apparently an old lake clay free from pebbles. If not, it could easily 
be washed frt^e by the stream.* Back of Sturgeon Point, on Sec. 25, T. 

• As at Sebewaing, see Vol. VIII., Part I. 
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27 N., R. 9 E., are fields where a similar clay appears to be present, 
but it is particularly well exposed where the Black river opens out 
from the hilly moraine country to the swampy land of the old lake 
bottom on Sec. 3 of the same township and Sec. 34, just north. Here 
a calcareous clay is extremely well exposed in the bed of the stream, 
appearing almost as though it were bed rock. But probably the same 
bed of clay also appears in the blutfs of the outer valley above the 
flood plain and at least 10 feet above the river. Here it is light reddish 
in color, does not effervesce with acid, lies close to the abandoned track 
of an old logging railroad, and could be readily worked. I should think 
it would make unusually good brick and tile (see analysis below), though 
it is quite possible that farther working and testing with auger would 
show that in going deeper more lime was encountered. Still it is quite 
likely that an important top layer may have been leached free. 

There are indications that similar clays occur all the way along, but 
somewhat below and nearer the shore, the highest former shore line of 
Lake Huron (045 to 655 A. T.). 

The Au Sable river also flows at several points over firm, well-bedded 
pink clays, apparently free from pebbles but full of lime. A good place 
to observe them, however, is in a little side stream xit Bamfield's, Sec. 
11, T. 25 N., R. 5 E., where they are well exposed. 

Three typical samples of the clays were sent to the McMillan Chemical 
Laboratory, Albion, for analysis, and the following reports were received 
from Prof. Delos Fall: 

910. 

Free sand 13.98 

Combined silica 27.60 

Alumina 12.58 

Oxide of iron 3 W 

Calcium oxide 13.04 

Carbonic oxide 16. 2C 

Calcium carlionate 

Sulphur anhydride 0.41 

Magnesia • 6.44 

Organic matter 3.72 

98.02 
DifTerence, principally alkalies. 1 ■ 38 

100.00 100.00 100.00 

Xo. 1)10 is the ordinary calcareous clay or marl of the district from 
Black river near the water level, and is free from pebbles or grit. It 
will be seen that it is composed of about y^^ very fine sand or rock 
flour, Va ^'^'^^y pi*o]>er, and ^^ dolomite. It may be used for making 
brick, but will yield a light brick that will not stand hard burning. 

Samples of clay from the Au Sable valley appear to have similar 
composition. 

No. 911, from the old brickyard southeast of Harrisville, is a typical 
tile clay and contained some small limestone pebbles. It will be seen 

* Tliere is not enough CO9 to combine with all the lime and magnesia. Hence there is probably some 
hydrous magnesian silicate present.— L. 
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11.53 
26.71 
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912. 

38.56 
22.73 


Millbury, 
Ohio. 


41.fi8 


7.08 
3.99 

17.70 
21.00 


37.24 
31.60 


61.28 
16.37 
5.00 

2.33 


61.03 

18.10 
6.66 

1.29 


23.28 


0.41 
6.62 

3.46 


0.67 
1.-21 

9.14 


1.66 

.53 
9.20 




97.40 
2.60 


96.59 
3.41 
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that it contains even more lime, nearly half. Neither of the clays 
appear to be suited to the higher uses for clay. 

No. 912, the third clay, which lies over Ne. 910 and "may be derived 
from it by solution of the calcareous material, is of an entirely different 
character. If the silica is finely divided enough, and I think it is, it 
would make an excellent clay to mix with Portland cement for the 
manufacture of marl. I have given an analysis, of the Millbury, Ohio, 
clay, which is largely used in the state for cement manufacture, for 
comparison. 

It would also make an excellent grade of red brick, and very prob- 
ably also paving brick. It remains to be seen by a series of borings 
how much of this clay there is, but in all probabilit}' field tests show- 
ing whether it effervesces with muriatic acid will be sufficient to show 
this. 

WATER POWER. 

The following data concerning the water power in Alcona county have 
l)een furnished by J. H. Killmaster of Harrisville, who has a general 
acquaintance with the conditions throughout the county : 

**Generally speaking, dams of 10 to 14 feet head could be maintained 
on the south, west and east branches and main stream of Pine river, 
with horse power from 40 to 200, according to location, the farther down 
the stream the larger the volume. The same thing may be said of the 
streams flowing into Hubbard lake and of Black river. The portion of 
Wolf creek in Alcona county carries but a small volume, but in Alpena 
county it becomes a stream of considerable volume. 

'^On Pine river there is a dam on the east branch at Killmaster 
village with 12 feet head and an average of about 40 horse power for 
the season. There is a 48inch turbine wheel here, but the volume is 
not sufficient to supply the wheel except during the spring freshet. In 
the summer the wheel will exhaust the water in about 4 days, so that 
the stream will not furnish the wheel more than 4 days a week. 

**The other tributaries of Pine river have about the same volume as 
the east branch at Killmaster, at corresponding distances from their 
sources. A dam could be constructed at the junction of tjje east and 
west branches in Sec. 3, T. 25, R. 8 E., that would give a head of 10 or 
12 feet, and the supply of water would probably supply a 60-inch turbine 
wheel, for the power should be at least 150 horse power. 

"There is a dam on Sage (McGillis) creek in Sec. 33, T. 26, R. 7 E., with 
12 feet head. The stream is small and the power of no consetjuence. 

"A dam at the head of the south branch of Thunder Bay river, just 
below the point where it leaves Hubbard lake, has 6 feet head, and there 
is probably about 200 horse power. 

**A dam on Sucker creek in Sec. 5, T. 27, R. 8 E., has 10 feet head, with 
power about the same as at Killmaster. 

"On Hubbard creek, in Sec. 24, T. 27, R. 6 E., there is a dam with 12 
feet head and a power about the same as at Killmaster. 

"There is a dam with similar head on Wolf creek, in Sec. 31, T. 28, R. 
E., with a greater volume than at Killmaster. 

'*The dam at Black river has 10 feet head and probably there is 50 
horse power. 

"The dam at Harrisville is on a stream which would furnish per- 
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haps 15 or 20 horse power. There is an abandoned dam beside; between 
them there mav be 20 feet fall.'' 

In his report on the Water Resources of the Lower Peninsula of 
Michigan, State Geologist A. C. Lane notes that the Au Sable river has 
splendid unused water powers, especially through the stretch from Mio 
in Oscoda county to T. 24, R. 6 E., in Iosco count}', which embraces the 
portion of the stream in Alcona county.* 



SUBSURFACE GEOLOGY. 

BY A. C. LANE. 

Search for rock exposures along the shore and the Au Sable river, the 
two regions most likely to show them, has been fruitless, and no rock 
exposures have been met incidentally. Nor has inquiry led to any 
authentic exposures. Along the rapids of the Au Sable, however, there 
are blocks of sandstone apparently belonging to the Marshall series, 
which may indicate that sandstone is not far beneath. The drift at 
Bolton, Sec. 35, T. 25 N., R. 6 E., shows abundant Marshall sandstone 
fragments, and it is conceivable that some of the streams may show 
rock exposures. But none of the places that we examined proved to be 
such, merely hard, very clayey till of the ground moraine. 

We are mainly dependent, therefore, for our knowledge of the rocks 
beneath upon borings in this and adjcacent counties and upon our knowl- 
edge of the general geolog3% checked somewhat by certain facts as to 
the character and arrangement of the surface deposits. 

In regard to the general lay of the county, we may note that the rocks 
of the Lower Peninsula of Michigan, as has been long ago pointed out 
by geologists, lie in a basin whose center is somewhere near Midland 
county. Thus, for instance, the limestone formation which appears in 
the Griflfln quarries three miles northeast of Omer can be traced south- 
east to the lake shore, over on the Charity islands, at Bayport in Huron 
county, and so down to Jackson county, and thence curving northwest 
past Bellevue to Grand Rapids. Not only do its outcrops lie in this 
great curv«, but the formation is found in borings beneath Midland. 

All the coal of the State will be found practically within the basin 
made by this limestone formation. Thus no coal in commercial quan- 
tity will be found in Alcona county, as it lies outside the basin, and the 
rumors of coal are mainly founded upon the occurrence of black shale, 

as will be later described. 

. — » 

• Where the south hranrh of Black river reaches the old line on Sec. 3. T. 27 N., R. 9 K.. It 
Is flowing rapidi}-, with clay bottoms and banks. It has something like 25 mi1e$i of drainage 
area, with numerous springs and would make a good dam site. Thence to Black river Is 
practically dead water, until close up to the mouth where there are two dams, one ten feet 
and one six feet, both now used more for lumbering operations than anything else. Snch 
powers as we have mentioned ought to make nice electric light stations for small towns if 
nothing more. 

Of a very different character Is the An Sable. This is a large stream fed with numerous 
springs. At many places along its banks bluffs rise from BO to over 100 foet high, and in such 
oases often the upper two-thirds or so of the bluff is sand, the lower clay, and at the base of 
the sand are extensive springs. It is a remarkably meandering stream for a stream of such a 
rapid flow and fall. Betwen Flat Rock, near the south line of Sec. 33, T. 26 N., R. 5 E., and 
Bamfleld's place, there Is about 20 feet fall. Thence to Sec 16, T. 24 N.. R. 16 W., the river 
drops about 200 feet, 55 feet of it in the stretch known as the rapids, which lie in Iosco county. 
The drainage area, above where It enters the county Is not far from 1500 square miles. 
From a rough estimate of velocity and a\ze I should think that it was discharging in November, 
1901. about 1100 cubit feet per second, while in summer the discharge may fall to half that. 
Gagings upon this stream at the Tucker farm bridge say. or somewhere above the In-flow of 
the Pine river and also of the Pine and Black rivers, would easily give us more definite Ideas, 
and an application should be made to the U. S. (reological Survey for a gaging station. — L. 
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Moreover, since Alcona county lies in the northeast of the center of 
the basin, we may expect that the rocks, if there is no irregularity, will 
dip, and any particular bed will be found deeper, to the southwest. 

The exact direction of the dip may not always be the same. The 
directions at right angles to it, known as the strike, are given approxi- 
mately by the course of the north side of Thunder bay, and the rock 
ridges north of Alpena, and seem to be very close to northwest and 
southeast, though if the reef^ about 7 miles off Harrisville in 14 fathoms 
of water is a solid reef of limestone, it may be more nearly N. 3714° W. 

Now there is but one set of wells to bed rock in the county, those at 
Killmaster, and they are so near together that it is not very safe to 
infer dips from them. So in estimating what kind of rocks a section 
down into the earth would show we have taken into account wells 
immediately north around Alpena, south around Au Sable and Oscoda. 

A few words as to the names of the rocks may not be out of place. 

The unconsolidated deposits are known as surface or drift, and are 
either sand, gravel, stratified clay, or a stony or bouldery, poorly strati- 
fied clay known as till. Aggregates of vegetable matter known as peaf 
or muck, and of calcareous matter known as tufa or marl, also occur. 

A consolidated sand is known as a sandstone. Other rocks, when they 
or their drillings are granular or crumbly in texture, are sometimes 
called, mistakenly, sandstone. 

A fine-grained sandstone, the individual grains of which ar.e angular 
with good cutting edges, is known as a grit. 

A consolidated clay which easily splits, is known as a shale. They 
may be of various colors, most usually blue, also white (often called 
fire-clay), red (especially near salt water), green or black. The black shales 
are often mistaken for coal, but though they contain some combustible 
matter, in the region of which we are talking it is but 20 per cent or less, 
and they have no commercial value. Limestone is composed mainly of 
carbonate of lime. When magnesia takes the place of the lime largely, 
it is known as dolomite. A blue color generally indicates more or less 
animal or vegetable matter or clay. A limestone with clay is said to be 
argillaceous, with sand, arenaceous. 

The record of the wells must be taken from reports, as samples have 
not been preserved, but only in a few cases indicated do I suppose the 
description to be seriously wrong. 

KILLMASTER. . 

At Killmaster three wells were put down, one about 10 rods from the 
bridge on the east side of the stream and about 500 paces N. 1000 W. of 
the south line of Sec. 22, T. 26 N., li. 8 E. Its elevation is near that of 
Ihe Gustin Station, i. e., about 670 A. T. It was the last put down^ and 
the deepest (1530 feet). It is said to have had 150 feet of 10-inch casing, 
240 of 8-inch to bed rock, and 614 feet of 5%-inch to case off salt water, 
the hole being dry the balance of the way. There is said to be 600 feet 
of casing in it still, not now to shut off the brine, for it is put in with 

^ FlBbermen bring up pieces of honeycombed limestone In their nets and say that the cavities 
are used by trout to lay their spawn where it is protected from other fish. The same 
phenomena are reported by Bell from the Manltouiin Islands on the opposite shore of the 
lake : Bull. Geol. Soc. Am., Vol. 6, p. 297. It also occurs off Sand Beach and Charlevoix. 

* 1892 by Hawes & Woodward, of Findlay, Ohio, with cable tools costing about $5,000. 

9 
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a perforated screen at the bottom, but so as to ensure that the brine 
pump which was once planned should draw the brine from the bottom. 
However, this inside casing is now stopped up at 306 feet, as that was as 
far as I could let a thermometer down. Moreover, when it is bailed out 
it remains for some time at a different level from the water between the 
two casings, which rises to the top of the inner casing and slowly flows 
into it. It is a strong brine, a little from the top giving a specific gravity 
of 1.105 and 40.6 ounces of it yielded 6.5 ounces of salts, i. e., 15.9 per 
cent.^ The temperature at 302 feet is about 50° P. The record is as 
follows: 

Surface Deposits: 

Sand, then till, no gravel at the bottom 240 240 

Coldicater Shale Series: 

Sandstone 4 244 

Gray shale 6 250 

Sandstone ^ 4 254 

Grav shale 276 530 

Berca Shale: 

Red shale 20 550 

Black shale 20 570 

Berca Grit: 

Sandstone: Gas in top of sandstone, and a very small quantity of oil, 

which w.as overcome by salt water in the sandstone below the gas. 

However, bubbles of burning gas (not HgS or CO,) are now coming up 

continually in the water, which analyzes as given 40 610 

Devonian (Antrim-) Shales: 

Gray shales (compare Bedford shales) 150 760 

Dark shales (compare Cleveland shales) 150 910 

Gray shales (compare Erie shales) 25 935 

Dark shales (compare Huron shales) 65 1000 

(The top of the Traverse may be here.) 

Gray shale and limestone 32 1032 

Black shale (compare Huron shale) 58 1090 

Limestone, color varying from light to dark. , . . 440 1530 

Traverse (i, e. Hamilton): 
The first few feet are — 

Hard limestone 8 

Soft limestone SO 

Hard limestone • IM) 

Hard limestone 4 

Soft limestone 20 

> These gave Prof. F. H. KhIkU* on iinnlyHlH: 

CaCIs 11.5:^ c of the salts, 1. e. I.m'.M'v of thtt brtne 
MgCI« 3.W M-: 

FeCls .20 .032 

Water of crystallization 

6.H .971 

K 

Br 

XaCl (salt) 72.21 12.M4 

100.^4 14.1)'.>!» SolhU. lA.d 

A brine of this strength should have sp. gr. of 1.111. according to WInchcli's table, but this 
Is avowedly not very accurnte. and neither are my weights on common country scales. 

The brine is remarkably free fnmi sulphates and would give a very high grade of salt, and 
I think it more than probable that the sample taken was somewhat diluted. 

» Term introduced to replace St. i'lalr, which had been elsewhere used In another sense. 
It covers the strata from 1*300 feet to '2oSo feet in the well of Plate VI, Vol. V, of our reports. 
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Hole No. 1 is about 80 rods from No. 3, nearly south, but a little east of 
it, and was the first put down. It is 10 feet by hand level above No. 3. 
It went only 600 feet, stopping on a hard bed which was supposed to be 
limestone at first but was afterwards thought, and doubtless rightly, 
to be the hard upper crust of the bed encountered at 570 feet in No. 3. 
A dip to the south of between 30 and 40 feet is thus indicated. 

The formations were similar to those in No. 3, except that there was 
a bed of gravel at the bottom of the drift, which served as a reservoir 
for gas. This showed a registered pressure of 103 pounds (apparently 
the direct water pressure). This gas was overcome by a large flow of 
fairly fresh water, which was encountered when the 6-inch casing was 
driven through the gas vein into the sandstone rock. The well was 
bored wet with pole tools. At first the water gushed up with 40 feet 
head or so, but now it barely flows. It still yields, however, a consid- 
erable quantity, converting the neighboring land, though 20 feet above 
the stream, into a cat-tail marsh. The water has a Sp. gr. of 1.005, 
gives strong reactions for calcium and chloride, but practically none for 
sulphates. The temperature of this slowly-flowing water is 47° F., 
about 3° less than the temperature at 307 feet in hole No. 3, and 3° F. 
more than spring water. 

The deep hole, No. 3, was dry below the Berea Grit.^ At 1000' or 
1090' the black shales occur which are so widely diffused in the drift 
and outcrop at Partridge Point and Thunder Island. The base of these 
black shales is shown in two wells, put down by the Alpena Business 
Men's Association. 

ALPENA COUNTY WELLS. 

The wells just mentioned w^ere one on the north line of Sec. 22, T. 29 
N., R. 8 E., and the other on the east and west center line but a few 
feet from the water and a few feet above it. I have seen samples from 
the wells, and the base of the black shale appears to come shortly below 
63 feet in No. 1, below 76 feet^ in No. 2. This would indicate a drop of 
more than 32 feet per mile to the south or 45 feet per mile to the south- 
east, for the northernmost well is the more westerly. These wells are 
almost directly north of Killmaster, and supposing the black shale in 
the Killmaster well to be at 1090 feet, we have a dip from the No. 2 well 
to the Killmaster No. 1 of^ 38.4 feet per mile, or 53.7 feet per mile to the 
southwest. 

Comparing holes Nos. 1 and 3 at Killmaster, we found a similar dip, 
and the same rate is indicated from the exposures of the base of the 
black shale on Partridge Point, just north. 

The dip around Alpena is reported by Mr. A. W. Grabau as also about 
30 feet to the mile to the south, i. e., 42 feet per mil^ to southwest. 

At Alpena there are three wells over 1000 feet deep, from which we 
may obtain an idea of the strata which may be met from the black 
shales down to the rock salt. The record of the Churchill well was as 
follows :* 



^ Accordingly it did not read the Comiferons or Dandee limestone. 

2 At 70 feet is black shale, at 81 to 83 feet is green shale, the rest is limestone. 

3 (590 — 73) — (fiTD ~ 1090) _ 33 4 

*A summary Is also given by Mr. Grabau later in this report. 
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Record of the Churchill Well. 



1881. 



Oct. 29 
30 

Nov. 2 
3 
4 

6 
6 
7 

9 

10 

11 

12 

13 

14 

16 

17 

18 
19 
20 

21 

23 
24 
26 

26 

27 

28 
30 

Dec. 1 

2 
3 
4 
6 
7 
8 
9 
10 

11 



Character. 



12 
14 
10 
16 
17 

18 
19 
21 
22 
23 
24 



saiiQ.. ••••>• 

Boulders . . . 

H.w. !• 

*• 
«« 



If 
Sbale .!!!'.!'. 

XX. y¥ 9 J «... • • 

44 
44 

Shale.'.'.'.'.'.! 
Granite 

44 

• • • • 

Shale 

Shale 

Xla ^V« !•••••• 

XX ■ wr • !»••••• 

Shale 

Shale 

XX a ll¥ m !•••••• 

Shale.!!!!!! 

XX* InT • !•••••■ 



Feet. Total. 



44 



Shale 

Xx. W. 1 ..... . 

44 
44 

Shale.!!!!!! 

• 4 



XX • Wr ■ X*«»«*a 

Shale 

Shale (blue). 



44 



XI. IV . 1 ..... . 

44 

•«# 

H. ^. 1 



4. 
44 



44 
44 



Granite*.... 



4* 
44 
44 
«4 
44 

Shale. 



H. 2. I • • • . . • 



t\» w. 1. ..... ' 

• 4 

!■ !!!!!!] 

14 
44 

Shale.!!!!!! 

XX. ^T . 4 ..... . 



14 

14 
44 
44 
44 



Sandy lime. 

Shale 

2B I H.w.l 



I 



39 ! 

2 I 

7 

8 
•6 

6 

9 
16 
16 

'l\ 

18 

3 

6 
14 

5 
15 
13 
21 

3 
15 
10 
13 

7 

20^ 
16* 
17 

3 
16 
11 
13 

4 
20 

5 

26 
25 

2 
10 

7 

6 

5 

5 

10 

10 
10 

6 

7 

6 

7' 

6 

7 
25 

20 



IS 
•20 
20 
20 
10 
20 
'JO 
12 
20 
13 
16 
5 
5 
5 
10 



39 
41 



66 
75 



• • • • • • 



124i 

127 

145 



153 
167 
172 
187 
200 
221 
224 
239 
249 
2<» 



289 
.304 
321 
324 
339 
350 
363 
367 
387 



417 
442 
444 
454 
461 

427 
469 
474 

4H4 

494 
604 
510 



M3 

568 

588 



601 
621 
641 

tK;i 

671 



i. 



Per 
day. 



i 1 1 

7k7 
797 



39 

2 

7 
8 
5 

14 
16 
16 

20 

21 



24 



28 
24 



25 
20 



35 
20 

15 
11 
19 



8 

6 

10 

10 

10 

6 

7 

6 

.• 
I 

6 

I 

25 
20 



13 
20 
20 
20 



Hours. 




6 

12 

6 

12 

12 

12 
24 
24 

24 

24 



24 
24* 



24 



Remarks. 



W»l 


30 


1 


711 


20 




72:\ 


12 




74:^ 


'JO 




7rxi 


13 




772 


16 





Struck light vein of fresh water. 
Surface pipe to rock. 



Rock very hard. 

1 hr. lost callipering. 



Extra hard gray limestone. 

Delayed 3o minutes on account of bit. 

Working in blue shale. 

3 men in each watch. 

Shale, 7 ft. white— Slimy shale. 

Very sticky nature. 
Blue. 



Extra hard. 
Extra hard. 



Shale blue. 

Lost 6 hrs. by stripping pin from top of Jars. 

Extra hard. 
Extra hard. 

Light vein flowing Water now flowing. 

Extra hard. 

6 hrs. lost by sickness of one man. 



Strong flow of mineral water at 489 ft. 
Flow still continues shale caving in. 

Flow shows stronger. 

Flow unabated, rovk very hard. 



Increased flow at 670, shows connection with 
Harrington well. 

At 500 fresh flow struck which exceeds in 
strength anything ever struck in Alpena, 
much stronger of sulphur. At 596 struck 
another vein of water which shows stronger 
traces of Mg. 

rut in 588 ft. of casing. At 688 ft. hole reduced 
to 5j^ in. 



At 606 another vein of sulphur water struck. 

670 shut ofT now. 

6i>8 perforated pipe. 

Volume of H^O somewhat stronger. 



15 : (Sooft.>. 



10 



Shut otT 790. 



• H. is hard. w. Is white, g. Is grny, 1. is Ilmentone. The driller's "granite*' is really very 
hard cherty limestone of the Dundee or Cornlferous. 
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Record of the Churchill WEi.h— -Continued, 



1R91. 



Character. 



Feet. 



Dec.26 
28 
29 
30 
31 

1892. 

Jan. 1 

2 

4 

6 

6 

7 

K 

9 

11 

12 

13 

14 

16 

16 

18 
19 
20 
21 
22 
23 
25 
26 
27 
28 
29 
30 

Feb. 1 
2 
3 
4 

6 
8 

9 , 
10 
11 
12 



•« 
«• 
it 



• t 
it 
t* 
*i 
t« 
(I 
ti 
t< 
<( 
II 
It 
>t 
11 
II 

fi 



12 
18 
18 
15 
10 



16 
10 
10 

7 
13 
12 

8 
17 
15 
20 

8 
18 
13 
20 

6 



H.W.I. 



II 
II 
II 
II 
II 
II 
•I 

11 
.1 
II 
II 
II 
•I 
II 
II 
II 
.« 
«i 



10 
6 
10 
13 
13 
10 
12 

10 
12 
12 
10 
12 
12 
13 
12 
12 
15 
15 



Total. 



Per 

day. 



809 

827 



937 

954 

9fi9 

989 

997 

1,015 

1,036 

1,056 

1,048 



12 
IH 
18 
15 
10 



15 
10 
10 

7 
13 
12 

8 
17 
15 
20 

8 
18 
13 
20 



1,072 
1,078 
1,088 



• • • • • 



1,256 



10 
6 
10 
13 
13 
10 
12 

10 
12 
12 
10 
12 
12 
13 
12 
12 
15 
15 



Honrs. 



Remarks. 



12 
9A 



12 
12 
20 
24 



Shut off 794. 



At 936 ft. reduced to 6 in. 
Somewhat softer. 



10 ft. very soft jack, struck what seemed to be 
the water. 



Put in 601 ft. 2-in. pipe, 4 men. 
Put in 400 ft. more pipe, 4 hours. 
Spent 14 hrs. pulling out 1,000 ft. pipe. 



Struck salt rock; went into rock salt about 20 ft. 



There seem to have been casings at 800, 1002 and 1278 feet. 

The end apparently corresponds to the rock salt bed, which at St. Clair 
and all along tlie St. Clair river occurs 800 feet and niof-e below the top 
of the Dundee beds. 

A number of other wells by Fletcher, Moench and others do not go 
so far, but go through the shale above into the Dundee limestone for 
water.* 

AU SABLK AND OSCODA WKLLS. 

These points are as much south of the county as Alpena is north, and 
yet since there are no outcro])s and but one group of wells to bed rock 
in the county, we are obliged to take them into consideration. 8ome 
11 wells have been put down here within a distance of a mile. We may 
distinguish in order from north to south three groups, which we may 
call the Pack grou]), the Smith group and the Loud group. 

Unfortunately, we have no detailed log of any of these wells, but from 
various recollections, letters and allusions in reports of the salt insi)ect- 
ors we may compile the following account, upon which we may rely 
with some confidence: 



• Which has been analyzed. V. S. (5. S. Water Supply Paper No. 31. 
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The Pack wells are 20 to 25 feet above the lake, the Smith wells about 
15, the Loud wells from 6 to 8 feet. 

There are 90 to 100 feet of surface deposits, mainly sand. Then down 
to some 200 feet is a series of sandstones and shales, which fields in 
the less elevated wells of the Louds a flow of slightly valine water con- 
taining from 1/^ to 1 per cent of salt, at a temperature of about 48° to 50°. 

Then blue shales, and occasionally red, predominate, and toward the 
bottom black shale, the Berea shale, until at 950 feet in the Park wells, 
960 in the Smith, and quite likely a little deeper in the Loud wells, they 
strike the Berea Grit. This holds a strong brine, 90° to 98°, of good 
quality, as the analysis of Smith Kelly and Dwight's brine shows.^ 
But the sandstone is fine-grained and split with, and passing into, 
shale and does not yield brine freely, though the quality, in its low per- 
centage of sulphates and ratio of earthy chlorides, is that of the Berea 
brines generally. According to Mr. E. P. Holmes^ the sandstone in 
going north runs out and yields less and less brine. 

We find also in Alma, Grayling and western wells that there is little 
trace of the Berea. Comparing the Oscoda wells and their elevations, 
it is clear that the sandstone must dip 30 to 40 feet per mile to the 
south. Beneath this Berea Grit one well of Pack's was drilled to about 
1800 feet depth, and is said to have been 1761', 1785', 1850' deep accord- 
ing to various reports, and dry all the way, encountering only blue and 
black shales with thin streaks of limestone. It is reasonably certain 
that it could not have penetrated the Dundee (Corniferous) limestones, 
whose hardness, light colors and mineral waters could hardly fail to be 
remembered. But it must have 'gone pretty near to the top of it, and the 
black shale, in which Mr. Elliott, the driller, says they left off, may have 
been the BelP or Marcel lus shale. This, according to Mr. Grabau, follows 
the trough of Grand lake north of Alpena, some 50 odd miles north of 
Oscoda, and accordingly the dip thence to Oscoda would average between 
30 and 40 feet per mile. 

If the strike of the rocks is supposed to be S. E., the Pack wells in 
Sec. 34, T. 24 N., R. 9 E,, should have the rock at about the same eleva- 
tion above sea level as Sec. 34, T. 25 N., R. 8 E., near the south line of 
Alcona county, and we have so assumed in constructing the section (Plate 
II). According to this the dip from Killmaster would be,^ measuring on 
the top of the Berea Grit, about 50 feet per mile to the south. But if the 
strike is nearer east than south the true dip will be less than 50 feet, 
but cannot be less than 26 feet per mile, which it is in the direction from 
Killmaster to Oscoda. 

It is unfortunate that we cannot identify the top of the (Hamilton) 
Traverse in the Oscoda wells and thus be able to compare dips on this 
horizon with Killmaster and the strata about Thunder bav. 



1 U. S. O. S. Water Supply Taper No. 31-No. 291 : 



CaCOs 


tr. 


CaCla 


42.1 


CaS04 


tr. 


MgCla 


19.3 


NaCl 


1?.*.3 



241.9 grains per kilogram. 

* Defined by Orabaii In hln paper in this report. 
»(670 — 670) — (S5 4- 580 — 950) ^- 8 = 395 -^ 8 = 49. 
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ECONOMIC GEOLOGY. 

Oil and gas possibilities. — The Eo-carboniferous series to which the 
Marshall sandstones and Coldwater shales^ belong contains a number of 
"oil sands" in Pennsylvania, but the first horizon which seems hopeful in 
this State is the Berea Grit. This rarely fails to show some signs of oil or 
gas. On the west shore the salt wells of Muskegon and Ludington 
encountered more or less gas at this horizon. So did the wells at Bay City 
(at 2090') and Blackniar (at about 1632'). 

It is a well-known oil sand in other states, and the Killmaster wells 
show that it may yield oil or gas iil the county if other conditions are 
right. 

The quality of the oil is much better than that from the Canada 
horizons, which is a heavier oil with more sulphur. The Petrolea oil 
seems to come from beneath the black shales in the limestone of the 
Traverse and Dundee beds. The deep Killmaster and Oscoda wells 
seem to show that the Traverse is not only dry but free from oil or gas. 
The Dundee or Corniferous, however, has not been struck in the county, 
though the section shows at what reasonable depths it should be found. 

There are other oil and gas horizons underlying the county. The 
Niagara has one and the top of the Trenton also is a well-known place, 
which has a great reputation among drillers, but the depth is so great,^ 
and the chance of finding anything of value, unless something is found 
higher up, so small, that for the present they may be dismissed from 
consideration. 




^ <^-^ -- "1,-, -3 Impervious Cfpys^^ — -__ — >v 











5K* 



:/;<» 



/ffl 



ti^hojg^ 






^SS:<^ 



V\ttt 



rf* rf-;. 



P^J^^f^ 



ninstratlng possible occurrence of gas or oil. Compare the section on Plate II. 

The source of oil and gas is supposed to be animal or vegetable mat- 
ter buried with the rocks when they were formed, and slowly decom- 
posed, very likely in the presence of salt water. The vegetable matter 
is supposed to make the lighter oils, which are free from sulphur. The 
same vegetable matter gives the dark coloring to the black shales which 
we find both above and below the Berea Grit. 



^ There are beds of shale in the sandstone, and sandstone In the shale. 

•The Niagara very likely begins not more than 200 or 300 feet below the Alpena rocic salt 
horizon, is liable to be 800 feet thick, and will be succeeded by a series of red, blue and black 
Bhales, 600 feet thick or so, beneath which will come the Trenton. 
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Xow the first place in which we might find oil or gas is in the surface 
deposits. It may occur in these in one of four ways. 

(a) In the first place, fragments, stones and boulders of the oil and gas 
generating strata may be scattered in the surface gravels or till, and 
the oil and gas slowly collect in pockets or pools under beds of clay, 
which may serve to hold it down. This may be in part the source of the 
gas in Killmaster well Xo. 2. Such gas may occur anywhere in the 
county and is probably the source of most of the gas of the surface gas 
springs, but is not likely to be of much value. 

(b) In the second place, a porous inclined bed which holds or gener- 
ates gas may be covered by a gravel bed, and this in turn by clay, as 
shown in the sketch just given. 

In that case the gas and oil may work out from the outcrop into the 
gravel bed. Part of the Killmaster gas might thus have worked out of 
the little bed of sandstone below, and accumulated in the gravel. 

Now it seems quite probable that accumulations of oil or gas of value 
might thus have been formed beneath Alcona county. The coating of 
surface deposits is thick enough to give a good pressure, and usually is 
clayey and impervious enough to hold the gas down well. 

In particular it would seem quite possible that, especially where the 
Berea Grit comes directly beneath the surface deposits or the black 
shales above and below it, gravels occurring at the base of the same 
might be full of oil and gas under good pressure. 

If we assume the dip southward of 38.4 feet per mile found above, 
the Berea Grit will be as high as the rock surface of Killmaster at a 
point about 8.6 miles north of Killmaster and should be at an equal 
elevation along the line of strike, that is, a northeast-southwest line* 
through this point. It is worth noting that Mr. Leverett has not found 
the white sandstones, such as the Berea and Marshall are, north of a 
point two miles south of Lincoln, though red sandstones resembling the 
Potsdam sandstone occur all over the county. Wells along this line 
would be desirable to test the possibilities of oil and gas in this way. 

It must be remembered that the chance of striking moderate quan- 
tities of oil or gas enough to sui)ply a few houses are very much more 
than those of striking very large quantities, such as would warrant 
starting a new town, so that in planning such wells they should be 
placed where they would be of use. 

(c) In the third j)lace, it is possible that there might be cracks in the 
earth's crust made by earthquakes, or otherwise extending down 
into lower reservoirs of oil or gas and allowing them to work toward 
the surface. 

This is a very i)opular theory of the origin of oil and gas in springs 
and has caused many thousands of dollars to be thi^own away in expora- 
tions. There are no indications of such faults and fissures, however. 
The gas springs around Killmaster are not in a line. The strata of 
Lower Michigan are not usmilly much disturbed, and even if they were, 
a leaky reservoir is no sign of great and valuable accumulations. 

(d) A certain amount of illuminating gas, marsh gas, is often gener- 
ated in swamps dire(*tly from the dcM-ay of recent vegetable matter, and 
is of no economic importance. 

* Compare tlie line BB of Plate II. 
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Attention was called to the possibilities of gas in the county by a 
number of springs, which either yield inflammable gas continuously or 
when stirred with a pole. The following notes on them are compiled 
from notes by Mr. Leverett and myself. 

Near the center of Sec. 26, T. 26 N., R. 8 E., there is a boiling spring 
on the land of the Gustin Land Company which has such a large amount 
of gas that it led to the Killmaster borings. The gas will blaze two or 
three feet high when lighted as it issues from the water, without being 
confined in a pipe. It is at least 10 feet below the level of Killmaster 
well No. 1, and the temperature of 44"^ F. one bitter, freezing cold day 
in November is close to the probable mean annual air temperature, and 
may indicate that the water comes from some depth. The water is 
hard and has a little chlorine,^ but not enough salts to affect its gravity. 

In Sec. 14 of the same township there is a gas spring on B. Anger's 
land in the north part of the section and on Mr. Gunther's land in the 
west part. 

In Sec. 32 of the same township there is a gas spring on land of the 
H. M. Loud Company. In Sec. 34 there is one on the land of Simpson & 
Henry. In Sec. 15, T. 25 N., R. 8 E., that is the township south, there 
are two gas springs on the land of Ambrose Thompson. Aside from the 
above noted springs, there are said to be numerous places along the 
east branch of Pine river where gas bubbles up in the bed of the stream. 

Mr. Killmaster has also noticed oil in the well of Angus Cameron, 
Sec. 12, T. 28 N., R. 5 E. 

The next place we might expect gas or oil is in the sandstones, and 
particularly the Berea Grit. They would tend to accumulate in larger 
quantity here: 

(a) Where there is an upward bend or anticlinal in the bed. Of a 
complete anticlinal or dome there is no evidence. In fact, as we have 
seen, the indication is of a fairly steady dip to the southwest. 

But in a basin like that which is formed by the rock beds of Michigan 
there are liable to be flutings around the side, folds pitching toward the 
center of the basin. In such case the strike would veer now to one side 
and now to the other of its mean course. Now the fishermen bring up 
on their nets about 7 miles off Harrisville, in about 14 fathoms of water, 
fragments of pecii Marly-honeycombed limestone, over the reef, similar to 
that described by Bell.^ If this limestone reef is a real outcrop of bed 
rock, which is by no means certain, it would probably represent the lime- 
stone at the top of the Traverse formation. But in that case the strike from 
The reef to Partridge Point in Thunder bay would be north of northwest. 

Again we may see, comparing the Killmaster and Oscoda walls, that 
if the dip is no greater than that farther north the strike must be con- 
siderably to west of northwest. Thus it is possible that there may be 
such flutings. In order to find them out, however, it would be needful 
to have more wells, put down to some recognizable stratum and 
arranged in a northwest to southeast line, so as to find out accurately 
the course of the line of strike. Then the points where it is most to the 

» ('a Is strong; S04 trace; CI. low. Sp. Gr. 1.001? 
' Ante. p. 65. 

10 
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southwest of its mean course will be the tops of bends which may collect 
oil and gas. 

(b) In the second place the gas and oil might collect in the upper 
parts of the oil and gas-bearing beds where they were overlain by clay. 
This is also illustrated in the section of Plate II, as well as in the sketch 
on p. 71. 

In this case we have practically one-half of the anticlinal, the rest 
being cut away, and its place taken and the escape of gas prevented by 
the clay. The best places to test this would be the same as those to test 
previous possibilities, — a belt parallel to the strike and about where 
the Berea Grit will lie directly under the surface materials. Just where 
that will be cannot be told, for we do not know how deep it is to bed 
rock; but if we suppose the elevation of the extreme limits of the Berea 
Orit to be between that at Killmaster and that of the exposures and 
wells north, the Berea Grit will extend to somewhere between Harris- 
ville and Sturgeon Point, extending thence northeast and reaching as 
far .as a point about eight miles north of Killmaster. And near this 
line explorations will be not only cheapest, for the depth will be com- 
paratively slight, but most likely to be fruitful. 

Drilling may well be on low ground at first, and valuable flowing 
wells may very likely be obtained, though of course any flows of water 
would have to be shut off temporarily in testing for flows of oil or gas. 

(c) The Berea Grit is rather an uncertain element, sometimes present 
and sometimes not, and if areas where it is present and porous are 
isolated by erosion with a covering of shale and clays, or merely pass 
by transition into shalier and less porous beds, it is possible that the 
more porous parts might become reservoirs for gas and oil. For 
instance, the Berea Grit around Killmaster seems to have been much 
more porous than at Oscoda. • 

Areas of this kind might, of course, occur anywhere the Berea Grit 
occurred; that is, anywhere except in the northeast corner of the county. 
Here, as the new railroad cuts, for instance, of the "Stone Ridge" on 
Sec. 35, T. 28 N., R. 9 E., show by the abundance of slabs of black shale 
and total absence of the Berea Grit, the underlying rock is the Antrim 
black shale of the Devonian. 

I would suggest as appropriate places for test wells for oil or gas, 
Harrisville very particularly; some point in the Black river valley near 
the south line of T. 27 N., R. 9 E.; the neighborhood of Lincoln; the 
valley of Sucker creek, and the eastern shore of Hubbard lake. 

If bed rock surface was found unusually high, and the backward 
curve in the moraines which indicate the ice margin suggest the possi- 
bility of such a thing, it might be worth while to explore farther north. 
But a few wells in the regions suggested, not over 300 feet deep probably, 
would be very instructive. In particular w^ould 1 recommend the sink- 
ing of a well at Harrisville, not only to see what the oil and gas prospects 
were, but also with a city water supply in view. It will not be safe to 
use water from Lake Huron and let sewage go into it also. 

Salt. — There are two sources of salt manufacture, natural brine, and 
rock salt, which is dissolved by pumping down upon. The disadvantage of 
brine is that it is liable not to be so strong, and to contain so much 
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earthy chlorides (Ca, Mg) CI, , that a large amount of the bittern must 
be thrown away. On the other hand, the Berea Grit is generally remark- 
ably free from calcium sulphates and not likely to cake, and at 550 feet 
and lower in Huron county, at White Rock, Port Huron, Port Austin, 
etc., proved a satisfactory brine and made remarkably pure salt. The 
sample from Killmaster is not as strong as could be wished, but may 
have been diluted somewhat with rain water. No doubt south of Kill- 
master it w^ould be stronger, and if the Berea Grit were porous enough 
to yield the brine freely would be very satisfactory for salt manufacture. 

The brines of the Dundee are too strong of sulphur and other salts 
than sodic chloride to be good for making salt. But the rock salt at 
Alpena ought not to be more than about 1750 feet deep at Black river, 
about the depth it is along the St. Clair river. Moreover, if from the 
salt one wished to make soda — ^a great and growing industry of the 
State — limestone, which is the other chief raw material, can easily be 
obtained by rail or boat from Alpena county. 

As the section shows, the rock salt •would soon be quite deep as one 
went south, and to test for rock salt at Black river or north, one should 
plan for a well 2000 feet deep. 

Water and mineral water. — The county is well watered at present, yet 
some of the best farming lands are the lands originally marked as swamp 
lands. These often turn out to be fairlv heavv clav lands, as around 
Gustin and the lower valley of the Pine. Here deep wells will first be 
needed. 

The well water is hard and the stream water is not very soft. The 
character of the Killmaster water has been already described. 

The drift is thick and usually ample supplies of water for domestic 
use will be encountered in it. Water from bed rock will usually be 
scarce or slightly brackish, except perhaps in the southwest corner of 
the county, where wells into rock may strike the Marshall sandstones 
and find plenty of good water. 

The slightly saline waters have a stimulating effect on the kidneys, 
and waters of the same general type as those first struck at Killmaster 
and Oscoda when well advertised, as the ApoUinaris or Attapah, often 
have considerable repute. It would be possible to obtain strong saline 
and sulphureted waters, such as are widely exploited for bathing in the 
southeastern part of the State. 

Peat, — There have been a number of inquiries i-egarding peat in my office 
lately. This is now compressed and manufactured into blocks for fuel 
in Ontario. It has been used for nursery packing, and is the soil for 
celery, mint, cranberries, etc. There were large areas of swamp orig- 
inally in the county, but many of these have cleared up into good land 
and the depth of the peat was not great. 

One area not yet touched, however, extends from just north of Alcona 
in Sec. 2, T. 27 N., R. 9 E., and follows the Black river to the junction of 
the two branches and up the other one. Here are extensive areas of 
cranberry bog and tamarack swamp with some sand ridges, which are 
convenient to the railroad. I do not think the peat is very thick, but do 
not know, and it would be convenient to develop. 

Rumors of coal and lead, — Rumors of the existence of coal in the county 
may be ascribed to the boulders of bituminous black shale, which will burn 
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pretty well. In fact in Scotland a similar shale is distilled for the oil in it. 
it has, however, no commercial value. Fragments of this bituminous shale 
are abundant throughout the county in the coarser deposits. About a 
mile north of Alcona the railroad makes a cut which exposes great 
boulders of shale. 

There are also reports of the discovery of lead in the county, but I 
was not able to find, either in the hands of anyone or in the drift, any 
lead ore. 

The fishermen off Sturgeon Point are said to have brought up lead on 
their nets and used it in marking barrels. Mr. Perley Silverthorne is 
said to have done so. Native lead is hardly ever found and the ordinary 
lead ores cannot well be used for marking, so that I am tempted to 
believe that it was some substance like black lead, perhaps a black clay, 
which was thus found. 

The Indians are also said to have found lead up the Au Sable river. 
An investigation of similar rumors in Huron county led me to imagine 
that the^^ might have sprung from the Indians claiming to have found 
lead for bullets, for the honest ])OSsession of which they could not other- 
wise account. When later plied with liquor that they might divulge 
the secret in their cups, they found the process so agreeable that they 
kept up the illusion. But no amount of liquor could ever reveal the 
secret, for the simple reason that there was none to reveal. 
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ALPENA COUNTY. 

In the summer of 1900 Mr. A. W. Grabau, then of the Massachusetts 
Institute of Technology but now of Columbia University, an accom- 
plished paleontologist, whose ^'Scientific Guide to Niagara," issued by 
the New York State Survey, must make his name widely known, visited 
Alpena for us. My object in sending him was in particular to study 
and call attention to the high-grade limestones of that region. The 
account of his field work, in which he was assisted by W. F. Cooper, 
arrived too late for inclusion in my last annual report and was printed 
in the American Geologist. 

Last summer he spent another month on his way back from the sum- 
mer school of Columbia University in the Upper Peninsula. Some sam- 
ples collected by him were very thoroughly analyzed by W. E. Brady 
of the Illinois Steel Co., and we have also a suite of analyses of the 
Bolton quarry, for which we have to thank Mr. M. J. Griflfin. 

The results of his studies will be found elsewhere incorporated in a 
preliminary study of the economic value of the limestones of the State. 

Although Alpena county is very interesting in more respects than one, 
we can hardly prepare an elaborate report until w^e have a better topo- 
graphic base. It is, however, one of the best places in the State to collect 
fossils, and a guide illustrating them for popular and school use should 
be prepared. A good detailed county report would, however, be worth 
all it would cost if the topographic base were ready. 



KENT COUNTY. 

As stated in my last annual report, I seized the opportunity offered 
by Mr. Nellist's interest to arrange for contour map of Kent county, 
which would be of immediate service and could later serve as a base 
for a detailed county report. Unfortunately, I have not had funds to 
pay him enough to justify his devoting his whole time to it. The map 
is, however, practically complete as to field work and will, I hope, be 
ready for publication with this report. In the meantime his notes 
have been of service to Mr. Frank Leverett of the United States Geolog- 
ical Survey, who has been making studies of the surface geology. Miss 
Emma J. Cole of the high school has recently published an elaborate 
list of the plants near Grand Rapids, and Dr. Burton E. Livingston of the 
Hull Botanical Laboratory of the University of Chicago, basing his 
studies upon the work of Nellist, I^everett and Cole, has prepared 
the appended very interesting study and map of the plant societies of the 
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county, a study of the connection of the botanical distribution with the 
soils and surface geology.* It is valuable in itself, for it is practically a 
map of the soils of the county, but it is even more valuable as an excur- 
sion into a field lying between geology and botany, agriculture and 
forestry, and showing the ppx)blems which should be studied and solved 
by judicious cooperation. 

Of great importance, if verified, to forestry is his suggestion that it is 
chiefly the capacity of the soil to retain moisture that determines the 
distribution of the different societies of trees upon the uplands, and that 
in this respect humus accumulated by dead leaves, etc., may replace clay, 
so that little by little eVen upon a light sandy soil, the jack pine may be 
i-eplaced by the white pine, and that in turn by the maple and beech. 

It will however be essential to study not only the surface distribution of 
the sand, and clay, but also, as has been suggested, the depth of the same. 

* This department has been quite active lately in studies of the kind to interest Michigan 
folk. See the references which Dr. Livingston gives, and also, "In Urwald," a lecture by E. 
Desor, published in the volume of OefTenttiche VortrSge, in Basel, 1881. (Boston Public 
Library.) 
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INTRODUCTIOX. 

1. A New Field for ReHcarch. — It is a matter of common knowledge 
that the vegetation of any extensive area is made up of a greater or less 
number of plant species mingled and growing together. It is also gen- 
erally known that these different species naturally fall into a number 
of somewhat distinct groups, giving to certain tracts of country an 
entirely different aspect from that of other tracts nearby. One who 
has traveled about the Southern Peninsula of Michigan can hardly 
have failed to notice, for instance, the differing vegetations of the pine 
plains, the oak forest, and the beech and maple forest. There is hardly 
a single plant found common to the first and last of these groups. They 
are as distinct as would be so many human commonwealths composed 
of different races of people. It is with the study of such plant groups 
that the present paper has to deal. 

In some instances the study of these groups of plant forms has been 
undertaken by geologists, and their part in the work has been marked 
by the frequent use of the geological term formation to designate the 
groups. The word is still in use by many students of the subject, espe- 
cially with reference to the larger and more comprehensive complexes. 
Among botanists the term plant society to mean the same thing has been 
suggested and quite largely used within the past few years. It seems 
somewhat more appropriate than the other word, on this account, at 
least, that it implies the idea of an organism and organic unity rather 
than that of a unity of mere juxtaposition in time and space. The latter 
word will be used throughout this paper. 

A plant society, then, is a group of several or many species growing 
together over some more or less extensive area, and characterized by an 
apparent congeniality and community of interest, such that all thrive 
under the same general conditions. Since for any large area the ground 
will be occupied, not by a single society but by several, which will 
alternate with each other in some irregular manner, the next logical 
step after the determining of the societies themselves, will be to attempt 
the formulation of whatever principles may underly their arrangement 
or distribution over the surface of the region. How far success or 
failure has attended the attempt here made to determine some of the 
principles which underlie the distribution of the plant societies of Kent 
county, can be judged better at a later day, but it is hoped that this 
paper may stimulate and aid the prosecution of similar studies in related 
regions. Another more special reason for this research is this, that if 
II 
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the flora of these more thickly settled counties is ever to be studied and 
recorded, this work must be done soon; the present vestiges of the 
former primeval flora are fast disappearing. 

Plant distribution has been a common subject for discussion among 
botanical authors for over a centurv, but (aside from the discovery of a 
few broad climatic factors which seem to determine the distribution of 
great vegetation types over world areas) little of a definite and satis- 
factory character has been attained. This is perhaps in great part due 
to the fact that speciefi and not societies have usually been studied, thus 
causing general principles to be lost sight of in a mass of detail whose 
organization proved well-nigh impossible. It may also be due, in part, 
to the broad areas chosen for investigation, and the hasty and super- 
ficial study which of necessity resulted. Perhaps this general birds-eye 
viewing had to be done to prepare the way for more exact work, but it 
seems that enough of it has now been accomplished. What is needed 
now, if there is to be formed even an acceptable working hypothesis of 
the principles of plant distribution, is the careful and exhaustive study 
of areas of limited extent. Once having these studies at hand, com- 
parisons between the different areas may be instituted, and thus, per- 
haps, some sort of a universe may be forthcoming from the present 
chaos. 

2. Literature. — ^On account of the comparative newness of what may 
be termed the soeiety method of study, as contrasted with the older 
species method, there is very little literature which can have any bear- 
ing on the present work. By far the most valuable paper which has 
come to my notice is that by Dr. T. C. Chamberlin,^ of the University of 
Chicago, on the native vegetation of eastern Wisconsin. But the devel- 
opment of the society method of study for limited areas has, so far, 
been almost entirely due to the work of Dr. H. C. Cowles and his stu- 
dents. In his recently published account of the plant societies of the 
Chicago area^ Dr. Cowles has given an excellent review of the most 
important articles upon the general subject of plant societies. It will 
therefore be unnecessary to enumerate them here, espcially since they 
have no direct bearing upon the flora of the region here studied. In this 
paper the author makes an attempt to classify the plant societies of the 
Chicago area according to the physiographic stage of the land which 
they occupy. For instance, the life history of the flora of a typical ravine 
in a clay moraine is here traced out in some detail, from its beginning as 
a small gully in the hillside, through all the physiographic changes 
accompanying the progress of erosion, to its temporary culmination in 
a broad flood plain. The thesis of the article is briefly this: that as the 
physiography of the land surface changes, so must the vegetation cloth- 
ing it change also. Other papers having a very close bearing upon the 
historical aspects of our problem are another one by Dr. Cowles,' and the 
still more recent one by Mr. H. N. Whitford.* The bearing of these 
papers upon the conclusions here brought out will be introduced in 
connection with the development of the present work. 

^ Cbamberlln, T. C. : Katiye Vegetation of Wisconsin. Ckology of Eastern Wisconsin. 2 :176. 
1873—1877. 

' Cowles, H. C. : The physiographic ecology of Chicago and Tlcinity ; a study of the origin, 
derelopment. and classification of plant societies. Bot. Gas. 31 : 72^-182, 1901. Idem: The plant 
societies of Chicago and Tidnity. Bali. Geog. Soc. of Chicago. 2 :l-70. 1901. 

* Cowles, H. C. : The physiographic ecology of Northern Michigan* Science 12 : 708, 709, 1900. 

4 WUtfcnd, H. N. The genetic development of the forests of Northern Michigan ; a study 
In physiographic ecology. Bot. Gas. 31 : 289-326, 1901. 
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3. Kent County, its Climatology. — Kent county is so situated that it 
is traversed both by the southern boundary of the pine forest region 
and the eastern boundary of the so-called Micliigan peach belt. It is 
mlso crossed by the Grand river valley, the line of one of the great main 
channels by which the melting ice of the glacial period reached the 
Mississippi system and the Gulf, and also the line marking the farthest 
northern extension within Ihe peninsula of many typically southern 
plants. The county embraces a rectangular tract of land 24 miles by 36 
miles in extent. Its western boundary is a meridian averaging about 
23 miles east of Lake Michigan at its widest part. The lacustrine influ- 
ence upon the climate is probably felt throughout the county. Owing 
to the comparatively small extent of area, differences in climate between 
its different parts could hardly be pronounced enough to cause any 
marked difference in its vegetation. Also on account of the great dis- 
tance apart of the stations for meteorological observations, if there 
were lesser differences between the climates of different portions of the 
county, such would not be brought out by any records which have been 
made. Therefore a study of these meteorological data will give no 
clue to the principles underlying plant distribution within our area. 
The following tables are given here, not that they may be of any use in 
the present report, but that they may be on hand when this area is to 
be compared with another. They give the data by months for such 
stations as lie within or near the county: 



AVERAGE TEMPERATURE BY MONTHS FOR THE KENT COUNTY REGION.»-DATA ARE 

IN DEGREES FAHRENHEIT. 



White Cloud.. 

Stanton 

Mntkegon 

Grand Haven. 

Ionia 

Grand Rapids. 

Waverly 

Hastingi 

Allegan 



Jan. Feb. 



23.6 22.6 

I 

24.2 I 21.7 
24.2 I 25.0 



24.8 24.9 

j 21.2 

28.4 I 25.0 

23.7 24.2 

I 



Mar. 



25.9 
30.2 
30.6 
32.0 
31.2 
31.8 
31 G 
33.8 



Apr. 



44. 6 



44.7 
43.6 
46.0 
47.2 

46. 
47.7 



May. 



55.9 
54.9 
55.2 
53.7 



60 
55.6 
57.7 



June. 



65.9 
65.6 
65.6 
61.4 
68.2 
68.2 



67.7 
68.6 



July. 



72.0 
69.7 
69.8 
68.8 
72.0 
72.3 



71.2 
72.2 



Aug. 



67.8 
65.8 
67.9 
67.0 
09.4 
692 
69.3 
68.7 
60.3 



Sept. 



61.0 
00.5 
62.1 
60.9 
61.2 
62.3 
61.6 
61.6 
63.1 



Oct. 



51.6 
47.0 
49.9 
49.6 
60.8 
49.0 
49.4 
49.4 
49.1 



Nov. 



39.4 
33.9 
36.9 
37.1 
37.4 
37.4 
37.0 
37.4 
37.6 



Dec. 



27.5 
19.3 
28.2 
26.4 
26.1 
30.9 
27.1 
29.6 
30.2 



A These tables are compiled from the reports of the Michigan section of the U. S. climate and crop 
service. 
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AVERAGE PRECIPITATION BY MONTHS FOR THE KENT COUNTY REGION.'— DATA ARE 

IN INCHES. 



Jan. 



White Cloud 

Stanton 

Maakegon ' 4.36 

Grand Haven 2.G6 

Ionia 

Grand Rapids 2.87 

Waverly 

Hastings 

AUegan 



2.60 
2.42 




May. 



7.15 



2.69 
3.42 



4.60 



Jane. 



2.08 



1.49 
3.87 
2.02 
4.53 



July. 



2.9C 



2.55 
2.71 
1.94 
2.82 



3 34 

2.58 

4.02 : 4.06 ' 2.26 



2.67 2.73 



Aug. 



1.32 
1.93 
1.30 
3.67 
1.17 
2.56 



Sept. 



2.52 
3. 34 
3.27 
3.55 
2.84 
3.12 



1.22 , 4.20 
2.74 3.12 
2.33 I 3.07 



Oct. 



3.00 
2.36 
2.32 
3.22 
1.97 
2.91 
2.13 
2.62 
2.47 



Nov. 



1.37 
2.47 



> 

Dec. 



I 



2.99 
1.99 t 
3.15 
3.11 
3.U 

2.77 

I 



1.99 
2.06 



2.20 : 1.76 



2.65 
2.36 
3.09 
2.69 
2.96 
2.96 



4. Geology of the County, — The bed rock of the area is almost entirely 
covered to a great depth by glacial drift, only a few small outcrops being 
found within its limits. A small |)ortion at the northeast angle is under- 
lain by the Jackson coal-bearing strata, a correspondingly small area 
in the extreme southwest is underlain by the Marshall sandstone, and all 
the intervening drift i*ests upon the formations of the Grand Rapids 
group.* The drift is so deep throughout the county that the underlying 
rock layers have apparently no intiuence upon the vegetation. 

The drift itself presents some very interesting features" and, since 
these have an Important bearing on the problem of vegetational distri- 
bution which confront us, it will be necessary to describe them in some 
detail.** The land consists, in general, of two great blocks of till upland 
lying on either side of a much lower grave*! and sand plain of varying 
width, which extends in an irregular line from about the middle of the 
northern boundaiy (8(H» map, Plate 111) southward through Cedar 
Springs, Rockford, riaintleld. Grand Rapids, Fisher, Carlisle and Ross, 
and cutting the southern boundary about thrtn.* miles east of the 
southwest angle of the county. This plain traces the path of the out- 
flowing water as the ^lichigan ire slun^t retreattnl northward at the end 
of the last glacial epoch. An indentation or embayment in the southern 
ice margin during this retreat markiMl the junction of the two lobes of 
the glacier, the eastern lobe coming from the n»gion of Saginaw bay, 
the western from that of Lake Michigam. It was naturally into this 
embayment that much of the water was dist^harginl during the melting 
process, and the line of sandy plains just traciMl marks, from Carlisle 
northward, the path of this gradually retreating notch in the edge of the 
ice. Southward of Carlisle the (invn lake sand and gravel plain (in 
Allegan and Barry counties^ originated in the same way. 



ft TbMe tablet ar« eoui|»ned from the re|H>rt» of the MKhi^n »ei*tion of the I*. S. chmate anUcrop 
•ervice. 

« S«e (leotof^cal .Map of liower Michigan. I'ompileil bv A. C. lane. .Mich. t;e<»l. Sur. > » t<Ki. 

^ For aid in Interpreting the glacial toin^raiUiy 1 am liulcbtcd to Mr. Frank L«Tcr«tt, of tlift 
V. S. Geological Survey. 

•A brief description of these features, by Pr. .K. O. Ijiue, will Ih> found In tho Intrxnluctlon to 
>I1S8 K, J. Cole's Grand Kapids Flora. Grand U«plds, UH»l. 
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Three well marked terminal moraines lie partly within this area. 
The one earliest formed merely l)ends across the southern boundary, 
lying south of a line drawn from Ross to a point about two miles easf 
of (.^arlisle, and thence out of the county in a southeasterly direction to 
Middleville and Hastings (Barry county). When this material was 
deposittnl, the embayment between the two glacial lobes had its head 
north of Green lake (Allegan county), and its outflowing water found 
its immediate outlet southward. It formed by its outwash the great 
triangular plain — which I have designated by the name Green lake — 
bounded on the north by a line drawn from Green lake to Irving (Barry 
county), and on the west by one from Green lake to Bradley (Allegan 
county). This plain and its margins being the only regions studied 
south of the Kent county line, it was thought unnecessary to include it 
on the ma]). The highest point of the moraine just mentioned is just 
east of Corinth. This is the junction point of the two moraines formed 
from the Saginaw lobe on the east and the Michigan lobe on the west. 
Thus the high land lying to the east of a line joining Green lake and 
Corinth is composed of materials from the region of Lake Huron and 
farther north, while that to the west is composed of drift from the Lake 
Michigan and Lake Superior region. 

The second moraine passes tlirough the middle of the county. Its 
southern edge is marked by the Grand river valley, its eastward termina- 
tion being tlie margin of tlie plain of Flat river. The escaping water, at 
the time of its formation, found its way out to Lake Michigan apparently 
by two channels, one being the present valley of the Grand from Grand 
Rapids westward, the other extending directly southward to Ross, where 
it also began to bend toward Lake Michigan. The highest point, mark- 
ing the junction of the two lobes, lies north of Plainfield. 

The northernmost moraine has its highest point northeast of Cedar 
Si)rings. The sand plain formed by the outwash here extends from a 
point about three miles north of Cedar Springs south through Edgerton to 
Rockford. Its width north of Edgerton is from four to live miles, but 
near this village it begins to narrow rapidly and is joined by the Rouge 
valley. South of here the outflow of water cut a deep channel about 
one-half mile wide through the last moraine described, from a point 
about a mile and one-half north of Rockford to Childsdale. There the 
glacial stream entered the plain of the previous outwash. Following 
the old line of flow it cut a new channel in the already existing plain. 
Where the old plain divides, south of Grand Rapids, the newer channel 
is found to do the same. One of the branches follows the present Grand, 
being, of course, much wider than the flood plain of that stream and 
extending from the moraine margin about two miles farther to the 
southeast than the line of the Holland division of the Pere Marquette 
railroad. This railroad roughly traces the marginal line of the present 
flood plain. The other channel extends from the point where the Mich- 
igan Central railroad leaves the Grand Rapids & Indiana railroad, south- 
ward to Ross, thence southwest to l^ake Michigan. 

Besides the plains just described, there are very pronounced though 
narrower sand-gravel plains forming the valleys of the Rouge and 
Thornapple rivers, and a broader one through which the Flat river 
meanders. 

Most of the surface soil throughout the country is predominantly 
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sandy. There is so much sand in the till that almost every creek valley 
is a miniature sand-gravel plain. Especially is this true of Plaster 
creek, southeast of Grand Kapids, and of the larger creeks in the north- 
ern portion of the cotinty. In classifying soils and designating them on 
the map, no attempt has been made to distinguish the different grada- 
tions between clay and sand. All which could not be termed either clay 
or sand have been bunched together as loam, — in the broadest sense of 
that word, — and denoted on the map by dots. More accurate records 
were made, but it was found that these minor differences of soil bore 
no apparent relation to the nature of the societies recorded, and it was 
thought best not to encumber the map with unnecessary details. Clay 
is denoted on the map by horizontal lines, sand by an absence of any 
marking. It will be noticed that moraine and till plain margins are not 
always the boundary lines of soil areas. This is explained by the fact 
that the sandy soil almost invariably borders and faces whatever escarp- 
ment there may be along a moraine or till plain edge; indeed, it often 
extends back from the edge for several miles on the higher level. This 
is true for even slight depressions. Anyone who has ridden a bicycle 
through Michigan must have noticed that where the road is on a higher 
level it may be hard clay, but where it descends to cross a creek the 
slopes and bottom of the valley are usually sandy. This illustrates the 
fact just stated. The process of erosion by which this condition of 
things is brought about is going on rapidly at present; the creek valleys 
are becoming more sandy rather than less so. On account of their small 
area, no attempt has been made to map these sand and gravel deposits. 
They are to be understood as existing along most of the creeks and 
about manv of the lakes. 

METHODS. 

The studies here reported were begun at the suggestion of the State 
Geologist, Dr. A. C. Lane, in the autumn of 1900, and were completed 
in the summer of 1901. The author's previous botanical study in the 
vicinity of Grand Rapids, although not made definitely for this purpose, 
has been of value in the present work. 

Owing to the large proportion of cultivated land in the county, and the 
correspondingly small proportion which is in an approximately natural 
state, a study of the natural plant societies is necessarily a difficult 
one. In the middle of a section, and hence farthest away from the roads, 
is usually quite a stretch of wooded land, and throughout much of the 
count V tliese wood lots at the rear of the farms have been the field of 
observation. From these areas, taken here and there, — samples of the 
original vegetation, as it were, — ^iin attempt has been nuide to recon- 
struct, as accurately as possible, the plant societies which occupied the 
region at the time of settlement. The effects of pasturing in these wood 
lots have b(H^n allowed for as far as possible. Information has been gath- 
ered from local residents as to the nature of the forest which was 
removed in making certain fields ready for the plow, and has been of 
great service in some instances. 

The vegetation of the area falls naturally into two groups, that grow- 
ing on what is commonly termed dry ground and that found in moist or 
swampy jjlaces. Each of these groujis can be separated into several 
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societies, which often merge gradually into one another so that in some 
localities it appears that we have a mixture of several of them. But 
in general the division is sufficiently well marked. In the following 
discussion the two primary groups will be taken up separately. 

THE UPLAND SOCIETIES. 

1. Thr Slocieties CharactcrizccL — The range of altitude over the whole 
county is less than 400 feet, so that absolute altitude itself, with its 
concomitant variations in climatic conditions, is not a factor in the dis- 
Iributiou of the floi-a. Differences in relative level, however, produce 
marked variations in the drainage, and hence in the water content of the 
soils. This is an important factor in plant distribution. 

The vegetation of the upland falls Into five societies, which may be 
characterized as follows: 

7. Bcrch-maple Society, comprising as predominant and characteristic 
the following plants: Beech, sugar maple, enchanter's nightshade 
((Mrciea), wild licorice (Galium lanceolatum), wood nettle (Laportea), 
catnip (Xepeta), i>okeweed (Phytolacca), richweed (Pilea), nightshade 
(Solanum nigrum), and red-berried elder. 

//. The Maplerclmagrimony Society, comprising: sugar maple, Ameri- 
can and rock elms, agrimony, spikenard (Aralia racemosa), honewort 
(Cryptotienia), spice-bush (Lindera), moonseed (Menispermum), black 
suake-root (Sanicula), and wild black cherry. 

fll. The Oak-hickory Society, comprising: white and red oak (Quer- 
cuH nihra'Coccinea), sluig-l)ark and jjig-nut hickory*, false Solomon's seal 
(Smilacina racemosa), northern bedstraw (Galium boreale), Aster Ijevis, 
and panicled cornel. This society is much the same as the following, 
but with the addition of the two hickories. It also has many plants in 
common with the previous society, and may be regarded as an inter- 
mediate tyi>e between II and IV, both of which are much more distinct. 
Owing to the difficulty of distinguishing sharply between Quercus 
roccinea and Q. rubra, tliese two forms have been brought tt^ether under 
<lie name Q, ruhra-coccinea. 

IV, The Oak-hazel Society, comprising: the white and red oaks, Aster 
hevis, A. nuicropliyllus, New Jersey tea, hazel, spurge (Euphorbia), 
Ilelianthus occidentalis. Solidago csesia, and hoary i)ea (Tephrosia). 
The spurge found in this society is the broad-leaved form. In the fol- 
lowing society this plant is just as common and characteristic as here 
but there it has much narrower leaves. The individuals of the broad- 
leaved form appear stronger, greedier, and more robust than the others. 

y. The Oak-pinc-saftsafras Society, com])rising the white and red oaks, 
white pine, sassafras, plantain-leaved everlasting (Antennaria), worm- 
wood (Artemisia), sand bur, ^jHirge (^narrow-leaved form), huckleberry 
iGaylussacia), lupine, sweet fern, braken, and Solidago nemoralis. 
This includes tlie dryest and most open form of **oak openings" 
together with the country which was once quite well covered with pine. 
They are put together here, because aside from the now partially extinct 
white pine the floras are practically the same. 

To one who knows the woods it will be apparent that in these five 
societies we have a gradation from the close, compact formation of the 
beech and nmple forest, where the sunshine seldom reaches the ground, 
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to the very open and sunny oak openings and pine plains. It would 
naturally be supposed that the denser societies are living under more 
favorable conditions for growth than the more open. This, indeed, we 
shall find to be the case. 

A more extensive list of plants is given in the following table, which 
shows almost graphically the distribution of the enumerated plants 
throughout the five societies. The nomenclature is that of the sixth 
edition of Gray's Manual.^ The Roman numerals heading the five col- 
umns at the right of the names indicate the societies by number, the 
same method of indication being also adopted on the accompanying map. 
The letters opposite the plant names show in what societies the plant 
occurs, the relative abundance in that society being denoted by the lettei* 
itself. C denotes common; F, frequent, and R, rare. An asterisk accom- 
panying the letter expresses the fact that the plant is one of those to be 
regarded as characteristic of that society. Our rare has not the meaning 
given the word by the systematist; plants which he would consider rare 
are not sufficiently abundant to be considered at all in such a list as the 
present. . 

A very complete list of the Pteridophytes and S[)erniatophytes of Grand 
Rapids and vicinity has been recently published by Miss Cole.^ 
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TABLE OF THE UPLAND PLANT SOCIETIES. 



SPECIES. 



Acalypha Vlrglnica 

Acerrubrum 

Acer saccharinuin 

Actaeaalba 

Adiaotam pedatum 

Agrlmonia Eupatoria 

Andropogon f urcatus 

Antennaria plantagiDlfoIla. 

Aralia ra<!eino8a 

Artemisia caudata 

Aspidlum acrostichoidea. . . 

Aster cordifoliiis 

Aster Isevis 

Aster macrophyUus 

Boehmeria cylindrira 

Carpinus Carolinlana 

Carya Alba 

Carya porcina 

Ceanothus Americanus 

Cenchrus tribuloldes 



I 




COMMON NAME. 

Tliree seeded mercury 

Red or swain p maple 

Sugar or rook maple 

White baneberry 

Maidenhair fern 

Agrimony 

Beard grass 

Plantain-leaved everlasting 

Spikenard 

Wormwood 

Christmas fern 



False nettle 
nine or water beach 
Shag-bark hickory 
Pig-nut hickory 
New Jersey tea 
Sand bur 



•Gray, Asa: Manual of the botany of the Northern Vnlted States, IS?^. 
»« I'ole, E. J. : Grand Rapids Flora. Grand Rapids. Mich., 1901. 
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TABLE OF THE UPLAND PLANT SOCIETIES— Continued. 



SPECIES. 



Chimaptaila ambellata 

Circaea Lutetlana 

Cornus altemifolU 

Comas florlda 

Corylai Americana 

Cryptota*nia Canadensis 

CynogloBSUui Virginicum 

Dieryllla triflda 

Dracocephaluni parviflorum . 
Eclilnospennuni Virginieum. 

Epigaea repens 

Epiphegus Virginiana 

Eupborbia corollata 

Fagns femiginea 

Galiuin boreale 

Oallom circaezans 

Galium lanceolatum 

Gaultberia procumbens 

Oaylusaacia resinosa 

(xerardia quercifolia 

Geum albnm 

Hedeoma pulegioides 

Helianthus divaricatui 

Helianthns oocidentalis 

Hepatica acntlloba 

Hepatica triloba 

Hieracium scabnim 

.Tuglans cinerea 

Jaglans nigra 

Laportea Canadensis 

Lechea minor 

Lespedeza polystachya 

Lespedesa Btuvef tntermedla 

Liatris cylindracea 

Liatris scariosa 

Lindera Benzoin 

Lobelia inflata 

Lupinus perennis 

Medeola Virginiana 

Jdelampynim Americanum . . 

>^ Broad-leaved form. 
" Narrow-leaved form. 



COMMON NAME. 



Prince's pine 

Enchanter's nightshade , 
Alternate leaved cornel . 

Flowering dogwood 

Hazel 

Honewort 

Hound's-tongue 

Bush honeysuckle 

Dragon head 

Beggars lice 

Trailing arbutus 

Beech drops 

Spurge 

American beech 



I. I II. 



C* 



F« 



R 
C 
C 



R 



F« 
C* 



C* I 



C« 



Northern bedstraw. ■ F 



Wild licorice. 



I 



«« 



it 



F* 
C* 



R 
R 



C* 



Wintergreen 

Black huckleberry 

Smooth false foxglove 

Avens 

American pennyroyal [ F* i 

Sunflower ; ' R 

«. I 

Liverleaf C . O 



41 



Hawkweed I 

I I 

Butternut , F 

Blackwalnut ■ ' F 



IH. 



C 
F 
F 
F 



Fil 



C« 



F 
R 

F 
F 
C 
C 
F 
R 
R 



Woodnettle C« 



F 



Pin weed 

Bush clover. 

Blazing star. 

«l 4* 



Spice bush 1 C* 



Indian tobacco • C* 

Wildluplne I 

Indian cucumber root ' F* 

Cow wheat 




IV. 



R 



V. 



F* 



C* 



F I C* 



r* 



C«n C«»« 



F , C* 
F ! C* 

F ! F 



c c* 

0» ' F 

I 

F C* 



C» 

' c* 

: <'• 
c« 



R 



C* 



¥* 
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TABLE OF THE UPLAND PLANT SOGIETIES-Continuerf. 



SPECIES. 



Menlspermum Canadense. 

Monarda flituloaa 

Monarda punctata 

Mjrrica atplenif oHa 

Nep«ta Cataria 

Onoclea sensibilis 

Ostrya Virginlca 

Phlox sabulata 

Phryma Lepto8tach>'a 

PhysallB Virginiana 

Phytolacca decandra 

Pllea pumfla 

Pinus StrobuB 

Polygonatum giganteum . . 
Populus grandldentata — 

Prenanthes alba 

Pmnus serotina 

Prunus Virginiana 

Pteris aquilina 

Pyrola elliptic^ 

Quercusalba 

Quercus lllcifolla 

Quercus rubra-coccinea. . . 

Rhus copallina 

Ribes Cynotbati 

Rudbeckia hirta 

SambucuB racemona 

Sanicula Marylandioa 

SaBsaf ras offlcinale 

Smilacina racemoBa 

Sinilax hiBplda 

Solanum nigrum 

Solidago bicolor concolnr . 

Solidago c{»*9ia 

Solidago nemoraliB 

Solidago nigosa 

Tephrosia Virginiana 

Tllia Americana 

Ulmas Americana 

Ulmus racemoaa 



COMMON NAME. 



Moonaee<l 

Wild bergamot, horse mint, balm. 

Horse mint 

Sweet fern 

Catnip ' 

Sensitive fern 

Ironwood 

Moss pink 

Lopeed 

Ground cherry 

Pokeweed 

Richweed 

White pine 

Solomon*B seal 

Large toothed aspen 

Rattlesnake root 

Wild black cherry 

Choke cherry 

Braken 

Shinleaf 

White oak 

Black scrub oak 

Red or black oak 

Dwarf sumack 

llooseberr}' 

Browneyed Susan 

Red berried elder 

Black snake-root 

Sassafras 

False Solomon's seal 

frreenbrler 

Nightshade 

Goldenrod 



I. 



I 



Ik 



i> 



Unary i>ea 

Basswoo<1 

White or American elm. 
Rock elm 



II. 



C* 



C* 



C* 

c* 



c« 



c* 



c* 



F» 
C 



¥• 



R 
F» 



R 



R 



F 



R 



III. 



F 
F 



R 



R 



C* ' F 
R 



C C 



F 



R 



C* 



F 



C 
R 
R 



C 
C» 



F 
R 
F 
F 



IV. 



C* 



F 



C» 



n 

R 



R 



F 
C 



C* 



V. 



C* 
F* 
C« 



¥• 



€• 



€• 



C* 



F» 
C* 
F» 
C» 
¥• 

C» 



C* 



V 
C 
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TABLE OF THE UPLAND PLANT SOCIETIEB— rontinued. 



SPECIES. 



Vaccinium Caiuulense 

Vaccinium Pennsylvanicum. 

VicU CaroUniana 

Vltls cordifolia ^ 



COMMON NAME. 



Blue berry 

Dwarf blue berry. 
Veteh 



Frost iprape i C 



IIL 


IV. 
C 


F 


F 


C 


C« 


C 


C 





C 
C 



2. Distribntion of the Upland Societies, — This is shown by the map 
(Plate 111). From the darkest to the lightest of the live shades used a 
gradation is shown corresponding to that in the societies from I to V. 
The sixth and lightest shade denotes deeply-eroded channels occupied 
chiefly by lowland societies. In these channels the areas occupied by 
the different societies are so limited that any satisfactory representation 
of them on the scale of the present map was deemed impossible. There- 
fore they are left unshaded. Also the lowland societies along the mar- 
gins of smaller streams and lakes and in swamps among the hills are 
omitted entirely from the map. The reason for this is in part the same 
as tlie one given for the larger channels, and also in part this, that 
although some of the swamps are large enough to map well on the pres- 
ent scale, yet to trace their margins accurately would require more time 
than it would be worth, and to map them inaccurately would not be true 
to the instinct of the work. 

Steep slo]>es where erosion is at present rapid, as along the margins of 
the many stream valleys and along old glacial channels, are occupied by 
societies III, IV and V. The character of the soil seems to make no 
difference here, the drainage being quite complete and the accumulation 
of humus impossible. It has also been found impracticable to indicate 
these very narrow areas upon the map. 

In the southern tier of townships, all the heavy clay soil, whether it 
be rolling moraine or level till plain, was originally occupied by the 
beech-maple society (I). In the lighter loamy soils are usually found 
the oak-hickory society (III), with transition zones between it and (I) 
held by the maple-elm-agrimony society (II). The very sandy loam 
bordering the deep narrow valley of the Thornapple river and spreading 
eastward from Alaska and Labarge nearly to the Elmdale till plain, is 
occupied by the oak-hazel and the oak-pine-sassafras societies. This 
loam is in many places as sandy as the soil of the Grand river sand plain; 
it might almost have been denoted as sand. 

Within the "big bend'' of the (Jrand river is an area of decidedly 
clayey country occupied by the oak-pine-sassafras society (V), althougli 
here the pine is not at all prominent. It appears as though this area 
were well on the way toward society IV at the time of clearing. But the 
marked presence of sassafras, wornnvood, sand bur, Solidago nemoralis 
and other forms of society V, make it impossible to classify it elsewhere. 
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The Grand Rapids sand plain (reaching from Rockford, through Plain- 
field and Grand Rapids to Grandville and Ross) is generally covered 
with societies IV and V. The foundation soil is apparently the same 
throughout, being a gravelly sand, but the areas of society IV have 
undoubtedly more surface humus, thus giving the soil a darker color 
and a more loamy texture. The higher parts of the plain, and hence the 
portions which have been out of water longest, are generally those to 
show this condition. The lower portions where violent water action 
probably continued after the main stream receded, and where, owing 
to the slope^ erosion is even now well marked, bear little surface humus 
and are characterized by society V. Here, at the time of clearing, the 
pine was usually present. Transition areas between IV and V were 
covered with "oak openings,'' however. Of course much of these chan- 
nel areas is swampy and hence thrown out of the present discussion. 

North of Grand river it is only in the western column of townships 
that the heavy clay is characteristically covered with society I. In 
other portions of the region the clay is covered with society III, IV or V. 
It will be noticed that clay bearing the oak-pinesassafras society is 
common in the extreme north and becomes less common southward. 
Societies III and IV approach each other in character as we pass north- 
ward. The hickories become less frequent and the general aspect of III 
becomes more that of IV. It needs to be remarked here also that the 
stretch of society III reaching from the Rouge river southward and 
lying west of Grand Rapids is a curious mixture of II and IV. Judging 
from the trees alone, the southern part of it would be jilaced in society 
II, but the presence of New Jersey tea, Solidago cassia, etc., seem to 
place it in the oak-hazel group. Sassafras is i)resent here to a remark- 
able extent and in many places, esj)ecially to the north, white pine also. 
The northern part of this stretch contains much pine. Altogether, the 
area can better be classified under III than elsewhere. In the general 
discussion to follow the possible rejisons for the mixing will be considered. 

In the bit of beech-maple society in the extreme northwestern part 
of the county is found the only marked instance of the presence of hem- 
lock. This tree belongs typically with the hard wood group in northern 
Michigan. 

In the northern part of the county white pine was almost universally 
present in the uplands at the time of settlement. This can be proA-en 
by stumps which are still in place or have been used in the construction 
of stump fences. There are pine stumps and a few trees still standing 
even in the beech-maple group upon areas north of an east and west 
line drawn through a point about midway between Cedar Springs and 
Rockford. South of this line the pine disappears in society I and 
becomes very rare in all but IV and V. 

3. Gcneralizationfi on the Upland Flora, — Any sort of generalization 
upon a study of such a limited area as the present must necessarily be a 
hazardous undertaking. I shall venture to call attention to the follow- 
ing points, however, all of which must be looked upon as merely tentative 
suggestions: 

a. The Soil Factor. — It appears that the general distribution of the 
upland societies is based primarily upon the nature of the superficial 
soil. This must be so since the roots of the smaller plants never pene- 
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trate very far into the soil, and since in the case of trees and shrubs, 
seed germination and the growth of seedlings is conditioned by these 
surface layers. If seedlings cannot develop it is clear that there can be 
no mature plants. 

Surface soils may be classified either according to their chemical or 
according to their physical nature. The usual soil analyses show the 
relative amounts by weight of the different chemical constituents. Now 
it is very probable that the original till material covering Kent county 
was reasonably uniform in chemical constituents. That it was thor- 
oughly mixed by the movement of the ice sheet is shown by the wealth 
of different minerals to be found in any small region. But the till has 
been more or less sorted by water action in many localities, so that in 
some few cases, almost pure silica is all that remains on the surface. 
However, in spite of this washing, the most sandy soils contain a con- 
siderable amount of other minerals.^^ 

But the plant can make use of the soil constituents only after they are 
in aqueous solution. Now the great bulk of the soil is practically 
insoluble in water, and it makes no difference to the plant what may 
be the chemical nature of these undissolved substances. Thus it would 
be much more to the point to make analyses of the soil water, for it is 
this which effects the plant directly. Such analyses were not made in 
connection with the present work; the distribution of the vegetation 
seemed not to demand it. It is hoped that they may be made at 
some future time, either for this region or some similar one. It is very 
probable, however, that soil waters from the surface soil in different 
parts of this area will be found to be very nearly uniform in their salt 
content. We are led to this conclusion by two considerations: First, 
the chemical nature of the soluble part of the surface soil itself is 
probably very nearly uniform throughout the county. Secondly, the 
washed soils are usually comparatively shallow, and upward diffusion 
of dissolved substances probably takes place with comparative rapidity, 
especially when aided by the soil currents produced by changes of 
temperature, etc. The only localities where it is at all probable that 
a paucity in soluble salts would occur in the soil water, are the deep 
sand plains. There is some rather questionable evidence from the 
vegetation that such is the case in these localities. More work needs to 
be done before any definite decision can be made in this regard. 

In classifying soils according to their physical nature, the only ques- 
tion which has any direct bearing upon plant growth is that of the 
ability of the soil to retain water by capillarity, so called. Primarily, 
this ability depends upon the size of the soil particles. Thus sand will 
retain less water than loam, and loam less than clay. The three grades 
of surface soil shown on the map have been indicated with this in view. 

Sandy soil may be made to retain more water in two different ways, 
either by the addition of clay or by the addition of humus. The physical 
effect of the humus is very well marked. Of course the humus also adds 
some nitric acid and certain organic materials which are of benefit to the 
plant, and it also increases the amount of soluble salts at or near the 
surface; the humus is formed mainly from leaves, and in these organs 

^' Kedzip. R. r. : Analyiils of soil of Jnck-plne plains near Grayllni^, Michigan. Annual 
report Mich. Board of Agriculture. 27. p. 1.M1, 18S8: also Bull. 99, 1893. 
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the mineral part of the plant body is concentrated. This is perhaps an 
important fact in the growth of hard wood upon deep sand which is 
well covered with humus. Where drainage is complete and rapid, as in 
sand, and oxidation is also rapid, humus does not readily accumulate; 
but where it does accumulate as a surface layer, the ability to retain 
water approaches that of clay. 

From the present study it appears that the most important soil factor 
in the distribution of the flora of Kent county is this one of the relative 
ability of the superficial layers to retain water. In other words, the 
controlling soil condition is one of drainage. 

Throughout the southern half of the county, soils which retain much 
water are covered with society I, II or III. The only exception to this 
is the small clay area within the bend of Grand river. The soil of this 
area is apparently as good as that farther south, but it is very dry in dry 
weather. There is no marked humus covering. Perhaps the proximity 
to the well drained valley on either hand has an influence through under- 
ground drainage, but this was not looked into and the question must be 
left for the present unanswered. 

Within the sand plain area of the southern half of the county there 
are several small stretches of societies I and II. Owing to the fact that 
at one time a much larger stream than the present one flowed through 
the valley of the Thornapple river, that valley has a well marked ter- 
race between the country level and the present flood plain. This old 
flood plain is sandy and corresponds in manner of formation to the 
Grand Sapids sand plain. But in very many places this terrace is cov- 
ered with societies I or li. Some of the finest **sugar bushes" which 
I have seen are here. The sandy soil is thickly covered with a layer 
of humus. These strips of hardwood are so narrow that they could 
not well be shown upon the map. The same condition holds on the 
rather high part of the plain lying west of Crosby. This is indicated 
upon the map. Also at the base of the escarpment forming the margin 
of the deeper glacial channel in the Grand Rapids sand plain there are 
several instances of societies I and II upon humus-covered sand. Notably 
is this true near the southwest corner of Grand Rapids and on the mar- 
gin of the Buck creek valley near the Lake Shore & Michigan Southern 
railroad. In this connection it is interesting to note that beech trees 
are found quite commonly upon the humus-covered established dunes 
along the east shore of Lake Michigan.^* 

In the northern half of the county west of the Rouge river we find the 
heavier soils still retaining societies I, II and III. East of the valley of 
this river we find the country is much cut up. The clay areas are small 
and pretty well drained. They may be occupied by any society from I 
to V. That they can support society I is well shown by its occurrence 
in several places. Its general absence from this region is perhaps due 
to another cause, to be mentioned later. - 

East of Sparta and northeast of Cedar Springs are perfectly typical 
examples of society I growing upon light soil, the former without trace 
of pine. In the western part of the Sheffield area I was told by a resi- 
dent that the clay was at least twenty feet below the surface. But in 
these areas the soil is deeply covered with humus. What the conditions 

^* Dr. Cowles tells me that he has seen these beech covered dones as far north as Frankfort, 
and Mr. Wbitford has observed them on Man i ton Island. 
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are which cause the accumulation of the humus in one place and not in 
another apparently similar place, I was unable to make out. This 
phenomenon most often occurs in a rather low region where the sand 
would normally remain moist longer than elsewhere. It has been sug- 
gested that the beech cannot grow to perfection in the absence of 
humus, because of the symbiotic relation of its roots with certain humus 
fungi. The maple-elm-agrimony society, however, grows to perfection 
on heavy soil with little or no true humus. It is also found on lighter 
soil which has a humus covering. 

In the southern half of the county it seems fairly clear, then, that 
societies I and II will grow on rather deep sand if that be covered with 
humus, and that when societv V is found on clav it is well drained and 
usually with little or no humus. Throughout the county there is an 
obvious difference in humus content between the areas occupied by 
societies IV and V, the sand of the former being mixed with vegetable 
debris. The intermediate society III is found on the loamy soils and on 
the drver and better drained clav areas. 

a V 

b. The Historic Factor. — Besides the factor of relative water content 
in the soils there is another which may be active in this region. I refer 
to what may be termed the historic factor. 

As the ice sheet retreated slowly northward at the end of the last 
glacial period the portions of Kent county first uncovered were, of 
course, in the southern part. And the first parts of the sand plains to be 
uncovered lay also at the south, although these areas were probably 
under water long after the ice itself had disappeared. It is probable 
that the pine-heath*^ group which today reaches farthest north, reached 
well toward the glacier front during the ice age. And at the end of that 
age, the ice in its retreat was probably followed northward by vegeta- 
tion, the pine-heath society leading the way. Near the ice margin the 
soils were probably raw, absolutely without humus, subject to great 
drought in summer and to extreme cold in winter. These are just the 
conditions in which we find the pine-heath group today in northern 
Michigan. It is probable that at one time they occupied all of Kent 
county, but the climate became warmer and more equable with the 
farther retreat of the ice, and the growth of the hardy pines, etc., pro- 
duced a little humus. Their roots fixed the soil so that erosion was 
less rapid, and perhaps the sassafras and the white and red oaks and 
the whole of our society V gradually crept in, occupying the better part 
of the ground along with the pines and heaths. Then as the soil 
improved the oaks became more and more numerous and the pine 
seedlings could not develop on account of the shade.** The pines thus 
became fewer in the south and the oaks at last predominant. This 
would be the stage of our society IV. But the process of working over 
the soil continued, — ^though perhaps the ice-sheet had shrunken by this 
time nearly to its present size, — and humus continued to accumulate in 
favored places; the hickories, maples and beeches of Ohio and Indiana 
spread continually northward over every suitable stretch of soil, as 
fast as it was made fit for them. When the maples and beeches reached 

'*This group comprises, besides several pines.' two species of Janlper, bearberry, hairbell, 
braken and seTeral of the other forms fonnd in our society, V. Cf. Whltford, H. N. : loe. oit. p. 
298 et $eq, 

** It is known that pine seedlings fail to mature In the shade of healthy deciduous trees. 
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maturity in the richest parts of the oak and hickory forest the oaks aj 
hickories probably ceased to mature. Seedlings of these trees fail 
develop well under maples and beeches, possibly on account of t 
dense shade. Thus we have reached the stage of our society I. 

In such a northward advance, the plant societies would not progre 
in uniform lines, like a marching army, regiment after regiment, i 
might be supposed at first thought; on the contrary, there would I 
many mixed areas, and the advance would often be almost impereeptibl 
like that of a ragged line of skirmishers. Here and there in a steril 
perhaps in a well drained portion, would be left a detachment of ti 
advance guard, like the patches of societies V and IV in the southei 
townships of our county. And these would be surrounded by the lat* 
comers as they crowded on, occupying all soils in which they could cou 
to maturity, and preventing the development of new generations of tl 
forms previously in possession. With these thoughts in mind, a glani 
at the map will suggest much more than was seen before. 

The beech and maple societies (considered by Cowles and Whitford 
to be the climax society for temperate North America) extend nort 
ward along the lines of soil richest in water content, and reac 
farthest north in the western part of the county. This latter fact ma 
be due to the lake influence. Chamberlin states^* that in Wisconsi 
the beech is limited to regions near the lake. He believes its distrib 
tion to be determined by lacustrian climate. This is perhaps partly tri 
here, at any rate the advance of society I has been much greater aloi] 
the side of the county nearest the lake.^** 

Also the other societies, — II, III and IV, — are each a little in advanc 
of the previous one, and each is apparently advancing into the are 
occupied by the next hardier one. In the extreme north we And aliiios 
the entire area occupied by societies IV and V. 

According to this line of thought, the reason for the predominance < 
the pine groups in the north is simply that sufficient time has not yi 
elapsed since the glacial period for these areas to be reached by th 
societies found predominant farther south. Along a wavy east au 
west line passing through Rockford lies the "zone of tension" betwer 
societies I, II and III on the one hand and IV and V on the other. Tlii 
line bends far northward at the west, following the western edge of th 
I Rouge valley as far as Kent (Jity and (^yasnovia. It also liend 

I northward to Sheffield and Harvard on the other side of the Roufj:< 

valley. Perhaps a climatic factor is operative in producing this zone o 
; tension, perhaps the beech-maple-hickory society cannot occupy \av^i 

1 areas to the north of it. But it seems more probable that the climate,— 

{ somewhat colder as we i)ass northward, — has acted only as a retarding 

factor, assisted by the fact that a good portion of these northern town 
ships liave a light surface soil, which seems unsuited for the hard woo*: 
1 societies in the absence of humus. 

The strongest point in favor of the idea just expressed is found in Ibf 
( fact that at the time of settlement practically all of societies I and II 

i in the northern part of the county were well mixed with pine. In sonn 

\ " Whitford. 11. N. : loc. cit. p. 302. 

1 " Chamberlin, T. C. : loc, ctt. p. 180. 

*• But Dr. Cowles tells me that in the neighborhood of Chicago beech is fonnd almost cxdu- 
sirely on areas quite far remqyed from the lake. 
a 
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places the pine stumps are so numerous as to raise the tjuestion whether 
the hard wood is not ati entirely recent affair. It is probable, however, 
that scattered maples and beeches were mingled with the pine and that 
on the removal of the latter their seedlings simply took ]>ossession of 
the ground and shut out the pine seedlings.^® Also in societies II and 
III, west of Rockford and as far south as Mill Creek the pine is still 
pronounced, and in many small spots society IV, or even V, still retains 
its hold. As has been noted before, this is a mixed group and is hard to 
classify. There are no traces of pine in the hard wood forests to the 
southward. It may well be, however, that a further extension of this 
stud^' will show that this hypothesis of the historic factor is utterly 
untenable. 

Another line of evidence seeming to throw some light upon the his- 
torical dcA'elopment of this flora, is that obtained from a comparison of 
the several sand plains of the region. As was stated in our introduc- 
tion, there is a well marked sand plain just south of the boundary of 
Kent county, which we have termed the Green lake sand plain. The 
soil here is like that of the higher part of the Grand Rapids plain, shown 
on the map, very sandy, but with a good admixture and coating of humus 
so that at the surface it appears loamy. The vegetation is made up of 
all five of our societies. In general the type is that of society III, but 
there are many spots, especially on the margins of the numerous ponds 
and lakes where societies IV and V hold the ground. In slight depres- 
sions along the margin of the plain the humus is deep and society I is 
common. There are also many rather large areas of societies I and III 
well out in the plain. Usually these are in slight depressions, not low 
enough to be swam^v hut well covered with humus. We may say, 
then, that ? l southern of the three sand plains which have 

been studied, — ana therefore the one which has been out of water and 
fit for vegetation me longest, — the predominant society is III, but I and 
II are not uncommon, while IV and V occupy a relatively small portion 
of the area. 

In the Grand Rapids sand plain we have seen that society IV is pre- 
dominant, with a good part occupied by V and comparatively very little 
by I, II and III. And in the plain which extends from Rockford north- 
ward, the only upland society found is V. Of course the last plain has 
been out of the water a much shorter time than the other two. In fact, 
a great part of it is at present swamp and is occupied by lowland 
societies. 

In these three plains we seem to see successive stages of vegetation 
occupying successive stages in the formation and accumulation of 
humus. Of course the extensive destruction of the natural vegetation 
which has taken place since settlement of this region began, will make 
it impossible for the natural course of events to continue here, even if 
the above hypothesis be the correct one. Often clearing and burning 
has reduced the soil from a condition suited to society II or III to one 
only fit for society V. This is probably also true on the moraines in the 

'^ Deal has shown that oaks, mapleR, etc.. can reach a considerable ai^e In dense forests with- 
out any marlced growth. An oalc may thus be twenty-five years old and yet hare a height of 
only a few inches. If the shade-producing plants are removed these dwarfed trees will set 
up a renewed growth. For figures of such dwarfed trees see Beal, W. J. : Observations on the 
succession of plants in Northern Michigan. Annual report Mich. State Board Agriculture, 
27: 74-78. 1888. 
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northern part of the county. It will probably be impossible ever to trace 
the history much farther than it had gone at the time of settlement. 

THE LOWLAND SOCIETIES. 

Under this heading will be briefly considered three groups of societies, 
the pond-swamp group, the lake-river group, and the spring-brook 
group. In the first I shall include those aquatic societies which are 
found in small ponds together with those marsh societies whose habitat 
is undrained swamps either on the margins of such ponds or else- 
where in swampy depressions. The second group will consist of the 
aquatic societies of the large lakes and of flowing water, — whether in 
ci'eeks or larger streams, — together with marsh societies which occupy 
the drained marginal swamps along these lakes and streams, and also 
the moist ground societies of the river and creek flood plains. The third 
group will comprise the societies of the spring-brook and its margins. I 
have been unable to observe any variation in these lowland societies 
corresponding to variations in the nature of the soil. It seems to make 
no difference whether the soil be sand or clay, if it contain sufficient 
water to cause it to be classified as lowland, it will alwavs bear certain 
types of vegetation. These various types depend, apparently, upon the 
amount of water so retained and upon the nature of the water as a 
solution. 

1. Definition and DiMrihution of the Lowland Societies. — In the fol- 
lowing paragraphs the definition and the distribution of the several 
lowland societies will be presented together. My study of the lowland 
has not been as thorough as that of the uplands and the discussion will 
not be as complete. The societies will be numbered consecutively in the 
same series as those of the upland. 

a. The Pond-Swamp Group. — Throughout the county, but especially 
in the northern and northwestern part, depressions which reach below 
the water line are numerous. They vary in diameter from a few hundred 
feet to several miles, and their margins are of course sinuous and very 
irregular. They may be found on almost any sort of topography, but 
especially in morainic areas and in sand plains. In the former situation 
these deep hollows among high clay hills are often almost impossible to 
drain, even artificially. The great accumulation here in the form of 
peat, of which we shall speak later, has led cultivators to drain these 
swamps wherever practicable. Sometimes * ditches for this purpose 
have to be twenty or thirty feet deep and take a sinuous course for 
several miles, following the depressions in the topography. Thus in 
morainic regions these swamps are naturally undrained; there is no 
circulation of water through them, it is lost almost entirely by 
evaporation. 

In the sand plains these depressions occur principally along the 
margins. The margin of the Grand Rapids plain is in some places 
almost a continuous line of such swamps and ponds. They also occur out 
in the middle of the plain, notably so in the Oreen lake plain, south of 
the county line. These sandy basins are apparently as poorly drained 
as those in the clay; it is probable that the deeper clay holds the water. 
The vegetation is the same whether the basin is in sand or clay. 

YI. The Chara-yymphwa (Aquatic) Society. — Where these undrained 
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depressions are small, and at the same time deep enough to contain 
standing water throughout the year, we have a pond. The water is 
usually shallow and filled with aquatic gi'owth. The presence of 
water prevents in some way, — perhaps by limiting the supply of oxygen, 
— the total decay of dead plant materials, and debris accumulates 
upon the bottom of such a pond, forming black peat. This may be 
intermixed with calcareous material from Chara^^ and from mollusc 
shells. The calcareous deposits may be quite pure, as sometimes in the 
larger ponds and lakes, so that they may be used for marl. Generally, 
however, an undrained swamp has a bottom of fine silt-like peat or muck, 
which, — being thoroughly saturated with water so as to furnish almost 
no support to a person or animal, and being of unknown depth, — gives 
to many x)onds the name of bottomless. The vegetation of such a pond 
is characteristic. The white and yellow water lilies (]Nympha?a and 
Nuphar), the alga Chara, which often forms great masses, the duck- 
weeds (Ijemna, Wolffia, Spirodela) and the bladderworts (Utricularia), 
are the predominant types throughout the county. 

yil. The Sedge-Sphagnum-Tamarack (Bog) Society. — It is obvious 
that as an undrained pond is filled up by peat deposit its margin will be 
built out into the water. This process has been going on since the 
close of the ice age, and thus many ponds are surrounded by a broad 
belt of characteristic undrained swamp or hog. In many cases the pond 
has been entirely obliterated by this encroachment of the marsh upon 
the standing water. These marshes, whether they have a true pond in 
the center or not, always show a zonal arrangement of plants. Thus 
several distinct societies might be made out of what is here brought 
under one head. An admirable discussion of these zones of plant life 
in the Chicago area is presented by Cowles (loc cit.). The facts are the 
same in Kent county as there. Along the margin, in shallow water, are 
found sedges (Carex), the bulrush (Scirpus lacustris), Scirpus atrovirens, 
S. polyphyllus, the buck bean (Menyanthes), and the swamp cinquefoil 
(Potentilla palustris). Farther back these give way to the true peat- 
bog flora, comprising cotton grass (Eryophorum), peat moss (Sphagnum), 
leather leaf (Cassandra), Calapogon, Pogonia, Cypripedium candidum, 
C. spectabile, the tall blue-berry (Vaccinium corymbosum), cranberry, 
poison sumac (Rhus veninata), pitcher plant, sundew, Elodes campa- 
nulata, Woodsia, shrubby cinquefoil (Potentilla fruticosa) and the tam- 
arack tree. The black spruce, which is common in such localities north- 
ward,^^ is rare here. In one extensive swamp crossed by the right of way 
of the Detroit, Grand Haven & Milwaukee railroad about five miles 
east of Grand Rapids, and bearing the name of Saddlebag, there were 
originally many of these trees. They were first practically all killed 
by burning. Now the swamp has been artificially drained and I think 
no spruces remain. The margins of the undrained swamp are often 
occupied by a characteristic margin flora of which the winter berry 
(Ilex verticillata), hardback (Spiraea salicifolia and S. tomentosa), and 
the Osmundas (O. cinnamomea, O. Claytoniana, and O. regal is) are per- 
haps the most typical. Or the margins may have a vegetation resembling 

» DavlH has shown that Michigan marl Is mainly from Chara. See Davis, C. A. : A contribu- 
tion to the natural history of marl. Jour. Geol. 8 : 485-497, 1900. Also : A second contribution 
to the natural history of marl. Jour. Oeol. 9 : 491, 1901. 

» Whltford, H. N. : loc. cit. p. 314. 
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that of the dryer parts of the drained swamp, thie elms, swamp oaks, 
asters, etc., forming a transition to the adjacent upland societies. Where 
the latter are of the type of IV and V, however, the transition zone is 
apt to be omitted. The margin flora just mentioned may be developed in 
such a case, or the swamp society may break off abruptly at the sandy 
slope which marks the original shore line of the pond from which the 
swamp has been formed. 

b. The Lal-e-Rirer Group, — The societies along the shores of the lakes 
and along the rivers and larger ci'eeks ai-e quite similar, no matter 
whether they l)e in sand or clay. Perhaps the wave currents of the 
large body of standing water and the better opportunity for saturation 
with oxygen and hence for oxidation, simulate the stream currents and 
prevent the existence of stagnant ^vater conditions, whatever these may 
be. It is true also that most of the large lakes have outlets so that 
there is a constant, or at least intermittent changing of the water. In 
embayments and quiet places along the margins of such bodies of water 
the aquatics take on more or less the character of pond vegetation 
and the shores of such places are apt to develop the aspect of an 
undrained swamp. The vegetation here is often intermediate in character 
between that of the drained and of the undrained swamp. 

VTII. The Potdmogeton-Myriophylluw-Elodca (Aquatic) Society. — 
This occurs in lakes and the larger rivers. Besides species of the three 
genera mentioned it includes Vallisneria, Ceratophyllum, the water 
shield (Brasenia), water buttercup (Ranunculus aquatilis), and numer- 
ous green algse, such as Cladophora, Spirogyra and Hydrodictyon. 

iX. The WiUow-Atth'Elin i^ocicty, — This occurs on the margins of 
lakes and rivers. The aquatic society (VIII) grades into the willow belt 
through a grass-iU*rowhead zone wherein wild rice is often predominant. 
In open places in the marginal willow thicket are often pickerel weed 
(Pontederia), cattail, Rparganium simplex and androcladum, and the like, 
or these may mingle farther out with the grasses and arrowheads. The 
sedge-bulrush zone is not nearly as pronounced here as in the case of 
the pond, though these plants o<Tur often in great numbers. On the 
beacli of Grand river, outside the willow zone, there is often a zone of 
rag weed (Ambrosia trifida) and other annuals. 

But back of the willow margin, on the river and on the lake, we 
usually find a very characteristic drained swamp area. This is the 
richest in species of all our societies. It occurs along the margins of 
streams and lakes, but some of the finest examples of it are in the 
ancient channels of the glacial streams. The channel followed by the 
(irand Rapids & Indiana railroad from (jrand Rapids to Ross was, at 
the time of settlement, almost one continuous stretch of drained swamp, 
although in some jilaces there are patches of society VII marked by 
groups of tamarack. The same is true of the broad creek valleys in the 
northwestern part of the county. The vegetation here is a great com- 
plex of species, its iovt ciiscmhle remaining quite uniform but the com- 
ponent plants varying through a wide range. Only a few samples can 
be given. We may select the following: Black ash (Fraxinus Sambuci- 
folia), elder (Sambucus C*anadensis), Lol>e]ia cardinalis, L. syphilitica, 
Polygonum lopathifolium, P. hydropij)er, P. acre, P. dumetorm scandens, 
bittersweet (Solanum dulcamara), red osier (<^ornu8 stoloniferaf, Epili- 
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bium coloratum, bugle-weed (Lycopus Virginicus)^ skull cap (Scutellaria), 
hedge nettle (Staehys), 8olidago ulmifolia, panicled cornel 1 (Oornus pani- 
culata), sour-gum (NvBsa sylvatica), green brier (Hmilax), arbor-vitje, 
swamp oak (Quercus bicolor), red maple (Acer rubrum), slippery elm 
(Ulmus fulva), and alder (Alnus incana). The list might cover a page. 
Of course in any one place one will not ftnd all of these plants, but they 
ai-e pretty sure not to be far distant. Bugle weed is sure to be found 
everywhere. The Polygonums are the characteristic herb forms in the 
dryer parts of these swamps, and often in all parts, some ten or twelve 
species of this genus occurring thei'e. Along the Rouge river, in the 
northern part of the county, the red maple is apt to be mingled with 
the willows in the margin zone. 

X. The HasHU'ood'HarkherryPhlox Lungwort (Flood Plain) Society. 
— This is the typical river flood-plain society. It contains many of the 
plants of so(!iety II. Here, as well as in society II, occur most of the 
spring flowering herbs, bloodroot (Sanguinaria), Trillium, Indian turnip 
(Arissema), etc. The cork elm (Ulmus racemosa) is common, and the 
American elm frequent. Butternut and walnut (Juglans cinerea and J. 
nigra), the bur oak (Quercus macrocarpa), and the pig-nut hickory (Carya 
porcina), also occur here. Back from the lake or river this society 
merges gradually into the u])land society which o<*cupies the adjoining 
upland. 

c. The Spring-Brook Group, — Here will Ik* included a single society, 
that which forms ribbon-like stretches along the margins of the smaller 
brooks and broader patches on the springy hillsides, where the brooks 
have their sources. The little streams usually possess a well marked 
aquatic flora, which consists, however, of but few species. The alga^ 
Vaucheria and (^ladophora are found fastened to stones at the bottom, 
and the watercress (Nasturtium), together with water purslane (Ludwigia 
palustris), often forms great masses which well nigh stop the flow of 
water. 

A7. The Lohelia-Vhelone Society. — The trees of this society are either 
the same as of the upland through which the brook flows, or are like 
those of the drained swamp. But the herbs and shrubs which fol- 
low the brook are quite characteristic. Among these are the blue 
and red Lobelia (L. syphilitica and L. cardinalis), the turtle-head 
(Chelone glabra), the gentians (dentiana Andrewsii and G. crinita), 
swamp milk-weed (Asclepias incarnata), lieggar's tick (Bidens), tear- 
thumb (I*olygonum arifolium and V. sagittatum). Aster puniceus, several 
Eupatoriums, alder (Alnus incana), and sev(»ral low willows. Many of 
the plants found here also occur in the drained swamp society (IX), but 
they exhibit a better development hei^e and are quite closely luiissed 
together in a narrow strip along the margin of the streams and in rather 
broad areas of springy ground at the stream's source, so that the sot^iety 
as a whole is quite distinct from IX. 

2. Generalizations on the Lowland Flora. — From the possibility of 
such a classification of these lowland societies as the one just given, 
it seems probable that the main factor in determining their distribu- 
tion is water. But the amoui^t of water is practically the same in an 
undrained and in a drained swamp and on a brook margin; yet the 
floras ai*e dissimilar, especially the first two. It has been suggested 
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that the great amount of organic materials in the solution of the 
undrained swamp may effect the plants physically or chemically and 
thus exclude those which occur in' the drained swamp. If these sub- 
stances effect the plants physically it must be through osmotic pressure. 
By' this means a concentrated solution might withhold water from the 
plant. A few tests of the water from swamps whose flora was of the 
^og ^yp^ seem to show that the osmotic pressure of the WJiter is no 
greater than of that from a spring or river. Enough work along this 
line has not been done, however, to decide the question. 

There remains the other suggestion, that the undrained swamp owes 
the peculiar character of its flora to the chemical nature of the soil 
solution. It may be lack of oxygen in the soil which shuts out the plants 
of the drained swamp. The question is to be solved by experiment, and 
not by observation. Perhaps, in the case of a brook, the more uniform 
flow of a solution of rather uniform constitution oc(*asions the develop- 
ment in the margin of such a stream as difterent from that in a drained 
swamp. This question must also be attacked experimentally. 

CONCLUSIONS. 

From the present observations it appears that we are entitled to 
retain as a broad general hypothesis, the i)hysiographic idea advanced 
by Cowles (loc. cit.), namely that physiography determines vegetation. 
But this hypothesis is not getting us very near to the ultimate factor 
upon which depends the distribution of the plant societies. The ultimate 
cause of all this varied vegetation must be something more iiarticular, 
something which will affect the individual plant. For such a region as 
this, this something must exist in the nature of the soil; climatic factors 
cannot explain differences in such a small area; and the historical factor 
is broad and general like the physiographic one, and hence is not ultimate. 
That local differences in vegetation are due to soil fa<*torB has been as 
good as proved before this, and the proof is strengthened by the present 
study. The physiographic hypothesis explains how it is that various 
soils may be physically and chemically difterent. But after this is 
explained, the question with which we have to deal lies still untouched: 
What is it in the nature of the soil which determines the distribution of 
our plant societies? 

Now, by **nature of the soil" we can denote two things, and only two, 
i. e., the physical nature and the chemical nature. But we have seen that 
neither of these can influeni*e the })lant per sc, (See page {)t\). Either 
one of the features may, however, be effective through soil water. 
Water is the only feature of the soil which comes in direct ccmnection 
with the vitality of the plant. The chemical nature of the soil may be 
effective through the nature of the dissolved substances which enter 
the plant, indirectly, through osmotic pressure, its physical natui*e may 
be effective through the retention or non-i*etenti(m in the soil of the water 
itself. 

So far we may go a priori; beyond this tests must be nmde. The nature 
of the soil water from various soils in various positions must be care- 
fully determined. From these determinations we shall know how much 
truth or falsity there is in the explanation liere offercHl, that the natuivof 
the soil water is not usually a decisive factor for such a ii*gi<m as this. 
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Also, by careful tests the ability of various soils to retain water must 
be determined, and these determinations recorded with the vegetation 
found growing where the tests were made. Thus, and thus only, can 
the hypothesis offered in the present paper be tested, i. e., the hypothesis 
that the decisive factor in plant distribution over a small glaciated area is, 
in most eascSy the moisture-retaining power of the soil. Comparisons 
and observations can neither destroy this hj^pothesis nor establish it. 

On the other hand, the present series of observations seems to show 
that the historic factor is a very important one in the distribution of the 
plant societies of Kent county, and the test of the hypothesis offered in 
this connection is to be obtained through observation and comparison, 
and through them alone; we cannot get the ice-sheet back and have the 
whole history w^orked out before our eyes.-^ 

It may not come amiss to suggest some areas which it would be well 
to study for comparison with the present one. First, the study should 
be carried westw^ard to Lake Michigan; along its shores we find much 
inoi-e primitive ty])es of vegetation than anywhere in .Kent county. 
Also, by this means the present area would be brought into better con- 
ne(»tion with that of Cowles' work. Secondly, an area should be studied 
in the center of the State and another bordering on Lake Huron or Lake 
St. <Mair. With these at hand we might feel that we were free from the 
danger of drawing conclusions from a peculiar and exceptional area. 
Thirdly, there are heeded studies nnd maps of several typical areas, scat- 
tered from the present one northward to Hudson's bay. 

It is hoped that in the future such studies may be made and the results 
car(»ful!y mapped and published. Emphasis is here laid on the map, 
for by it alone can a satisfactory comparison be instituted. Photographs 
are apt to be too su[Hn'flcial to be of any accurate use, though they would 
undoubtedly be valuable in connection with the map. 

1 wish to thank Dr. H. (.•. Cowles, to whose writings I have had occa- 
sion to refer so often, for suggestions which have changed for me the 
whole as|)ect of the problem of plant distribution in this region, from 
that of a problem impossible — or at least hopeless — of solution, to that of 
one whose solution is apparently a question of time and of careful and 
accurate work. 



" similar conclunlons to the ones here expressed have Just been published. The paner 
appeared too late to be referred to In the main text. Bruncken. E. : Studies in plant dis- 
tribution. 1. On the sucoesMlon of forest types In the vicinity of Milwaukee. Bull. Wis. Nat. 
Hist. Society, 2:17-28, 1002. 
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MUSKEGON COUNTY. 

Prof. C. D. McLoutli of the Muskegon high school has put in a little 
of his summer time very intelligently and industriously in collecting 
data as to the soils as well as to flowing wells, and the deep wells which 
have recently been drilled. His assistance in the latter matters I would 
gratefully acknowledge while incorporating his help into my notes on 
tlie prospects of oil in that region given on a later page. But he has also 
prepared a nearly complete series of township maps, showing the dis- 
tribution of the soils, and has helped Mr. Leverett in his work. I append 
his general notes. 



SOME GENERAL REMARKS ON THE TOPOGRAPirV, SOILS, WATER SOURCES, 

FLORA, ETC., OF MUSKEGON COUNTY. 

('. D. M( LOUTH. 

f^urfare, — A large ])ortion of the surface is a sand sheet covering 
nearly the whole <'Ouuty, the jirincipal exceptions being portions of the 
townships of White Kiver, Whitehall Montague, < 'asnovia, Ravenna, and 
perhaps the northern part of Holton. A l>elt of this sand area some 10 
miles wide and having its middle line approximately along the coui^se of 
Muskegon river has the general appearance of a plain, but slopes con- 
siderably from the point where the river passes the county line to the 
shore of Lake Michigan, also it becomes shallower and apparently lower 
northward and southward from the nver, that is, the river seems to run 
nearly along its deepest part. In Odar Creek and Blue Lake townships 
sand dunes are conspicuous but of undetermined extent. Similar but 
Blighter hills, knolls and ridg(»s of sand occur in various parts. 

The northwestern part of >\'hite River township presents a surface of 
clay approximately 100 feet abov<» Lake Mi<*higan. Southward and east- 
ward loam and finally sand become the dominant soils, (^asnovia, east- 
ern Moorland and northern and eastern Ravenna constitute a hilly region 
in which morainic ridges are prominent, loamy soil abundant and deposits 
of boulders and gravel frequent. A moraine traced by Mr. Leverett winds 
northward through Fruitland township from near Muskegon through 
Whitehall and Montague, theilce northwestward to the limit of the 
county. 

Coaat, — Along the coast the land height, exclusive of dunes, falls 
from an elevation of probabl}' more than 1(M) feet at the northern c»nd to 
nearly the level of the lake at the southern end. Clay is visible on the 
beach only at and near the northern limit. Cobblestones and gravel 
are noticeable in the vicinity of White lake. Sand, with a slight 
sprinkling of jK'bbles, is the feature along the remainder of the line. 
Dunes are highest at the south and form an unbrnken line about one- 
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half the entire distance northward, beyond which there are considerable 
portions along which the level land surface extends to the slope of the 
bluff. A mile or so below the northern line of the county the sand dunes 
begin to diminish gradually but rapidly, lying against the face of the 
clay bluff instead of upon the bluff, and within two miles north of the 
boundary no traces of dunes are to be found. Black and reddish magnetic 
sands are conspicuous in many places along the beach and are some- 
times separated by action of the waves into layers an inch or more in 
thickness. 

Lakes and Lalrhts. — The lakes along the coast are of course confined 
within slopes corresponding in height and abruptness with the general 
land elevation previously mentioned. Little Black lake in the extreme 
southwest drains into Lake Michigan by a shallow ditch. It is practically 
level with the i*eceiving lake and has Meen lowered somewhat by the 
ditch. The land rises away from its borders with very slight ascent 
except where low sand ridges seem to indicate former confines gradually 
moving toward the coast. 

Wolf lake, in the mterior, lies in the high sand plain near Muskegon 
river. Its banks are Steep, entirely of sand, somewhat more than 30 feet 
above the water level, w'hich is C7 feet above Lake Michigan. Carr 
lake or Five lakes, a few miles south and westward, consists of a series 
of shallow, receding ponds lying in hollows on the north margin of an 
undulating tract of sand that seems to be an area of old dunes. Twin 
lake, in Dalton township, lies but little below the general land level. 
Some of the lakelets northward have deeper basins. 

Speculations on the Geological History. — Evidently in successive 
stages of recent times less and more of this region has been covered 
by i-iike Michigan than at present. White lake. Duck lake, Muskegon 
lake, Lake harbor, are infillings of the lower valleys of the several 
streams that formerly flowed farther out to reach the great lake; this is 
shown by the fact that the bluff's now confining these lakes are exactly 
continuous with the bluffs now lining the valleys of the streams for miles 
inland. Numerous siind ridges, dunes and swampy tracts indicate former 
presence of water of considerable deptli. 

Various present conditions seem to indicate that the water is now 
or recently has been iii quite rapid recession, considerably extending 
the land area. A large portion of Moorland with small portions of sev- 
eral adjacent townships is a recently reclaimed marsh (although con- 
siderably above Lake Michigan). Much of Sullivan township was a deso- 
late swamp which extended into Fruitport and Nort(m townships, 
appearing to the eye as an unbroken plain and but a few fec»t above lake 
level at the coast. 

In the southwestern corner of Fruitland township is a swampy tract 
extending back from the lake several miles. This swamp is bounded on 
the east by an irregular sand ridge reaching a height of 20 feet perhaps 
in places. Eastward from this ridge for something more than a mile 
extends a swamp that has been denuded of a fine growth of arbor vita* 
and other trees. This second tract merges into higher land at the east, 
where it is more or less plainly demarked by low ridges and knolls of 
sand. This trart has been partially reclaimed and subjugated to the 
plow. Eastward still farther the land is mostly under cultivati<m, but 

14 
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distinct traces of a swampy character remain. Again, in the eastern 
row of sections in Dalton township and extending for some distance into 
Cedar Ci-eek is a low, moist, loamy and sandy area. The north branch 
of Bear creek rnns along the western limit of this tract, its bed but 
little depressed below the general land surface. Close to the creek on 
the west rises an irreguhir dune-like ridge of sand clearly determining 
the southward direction of the stream. This ridge (which has been 
viewed only at a distance of about half a mile) seems to be the dune line 
of an older border of the lake. It is quite evident then that these several 
areas extending some twelve miles from the lake into the central part of 
the county are successive ret^lamations from the lake. 

The high sand plain along Muskegon river is thought to have been a 
delta formation when the lake extended far inland. This is suggested 
by the fact that it seems to be highest near the present course of the 
river, sloping very gradually southward, northwanl and towards the 
present shore. 

i^prinf^H and WvUn. — Springs ai-e of course numerous along the streams 
and in the hilly regions of the east and northwest. Near the lake shore 
many streams have cut deeply into the underlying clay and springs gusli 
out from the banks many feet above the sti*eams. In the so called delta 
region there is very little water found at the surface, but so far as known 
wells are not very deep, 20 feet often being sufficient to find good water. 
In the low and level tracts previously mentioniHi water may usually be 
found by very shallow digging. \\*ells from 4 to 10 fei»t dei*p are the 
rule. In Casnovia many wells aiv nioiv than 100 feet diH*i> and often 
water is not found even at a greater depth. 

Flowing wells are quite <*ommon near the shore, ranging in depth from 
Xi feet at Montague to some 2.jO foi*t at the south line of the county. 

Soils and Minerals. — The character of the soils has been suggestini in 
various ways by what has pre<*eded. The high saind plain covering most 
of Muskegon township and more or less of Egelston, Cedar Creek, 
I^keton, Norton, Dalton and Fruitland i» a particularly bari-en region. 
Awav from the immediate vicinitv of Muskegon the settlers are verv scat- 
tering; few signs of prosjierity ai-e visible in their homes; frequent 
deserte<i buildings and clearings show where the struggle to get a living 
and establish a liome has Ikh^u abandiuuHl. In traveling over the region 
along nearly the whole course of the river in the county no public 
road has l>een found except at the head of the lake from which the 
stream could Ih» view<»<l. Blue I^ke township is a nuist desolate region, 
supporting the hnist fHipulation of any township in the county. The low 
and level regions In-fon* d«*scrilKHl an* mostlv of a sandv soil more or 
less mingletl with clay and having clay or "hard|uin*' ithe latter a fer- 
ruginous sandstone appifiaching lM»g ortM lying but a few inches or feet 

below the surf are. The low sands are more or less dark and niav Ih» finer 

« 

than the high sauids. and are alwavs moist iNM-ause of the impi*rvions 
material underlying. Tlies** lands are said to have bi»en easily cle3ire<l 
of stum|)s l>ecaus4* of the horizontal din*i-tion of the rtM»ts, The n>lling 
lands of Casnovia and |mrts of Kavenna and MiNirlaiul. with the similar 
lands in the northwestern \k\vx, are jM'rhaps altogetlu»r the most valuable 
for genenil farming. 

A large deposit of magnetic sand within a few miles of Muskep»n is 
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known to certain persons. At Twin lake the surveyor's compass is unre- 
liable because of deflections. A deposit of diatomaceous earth lies some- 
where in the northwestern part of Laketon township, probably not many 
chains distant from the coast. 

Orchards and Other Crops, — Near the city considerable gardening and 
growing of small fruit is done even on the high sands. In Egelston 
township, between Wolf lake and Muskegon river, a man is surprisingly 
successful in raising melons on a high sand slope, using no fertilizer. 
Moorland has been famous for an immense production of peppermint oil, 
but low price has reduced the production to a small fraction of the 
former amount. Sugar beets are being grown with success on the swamp 
lands of Sullivan and Ravenna, the yield being high in tonnage and 
quite satisfactory in per cent of sugar. It is noticeable however that the 
acreage in beets yearly moves toward the loamy slopes bordering the 
swamp. Peach orchards in Casnovia to\^Tiship and in the vicinity of 
Whitehall village are thrifty and yield fine crops. 

Natire Flora, — Presumably the high sandj' region was formerly occu- 
pied largely by pine and hemlock. The characteristic trees now are oaks, 
Q. alba and Q. tincto^ua. These are usually of a scrubby character, but 
some good timber occurs. Q. rubra is scarce. Finns resmosa is very 
scarce, only a few trees have been noted in Fruitland township. Finns 
Banksiana is somewhat more common. Finns strohns is seen everywhere, 
unless in the extreme east and northwest portions. Slocum's grove, 
occupying some half dozen sections adjacent in Casnovia, Moorland and 
Kavenna, is a splendid mixed forest containing perhaps 30 species of 
trees such as beech, maples, basswood, elms, oaks, hemlock, yellow birch. 

On the moist low plains that have been recently cleared the character- 
istic tree growth seems to lie the trembling aspen, Fopnlus tremuloides. 
This seems to spring up quickly and profusely wherever such soil is left 
exposed. 

The accompanying jilate V shows the contrast between the roots of 
the pine in low placets, where they have only a short way to go for water, 
and on the sand plains where they have to run down deep. 



WASHTENAW COUNTY. 

For some time the scientific departments of the State University have 
needed and asked for a topographic map of their neighborhood. Upon 
several occasions Prof. Russell has appeared before the legislature in 
behalf of such a topographic survey, not only of the neighborhood but of 
the State, and the following quotation from a letter from Prof. Spalding 
shows its importance in another department: 

** I would like to reiterate and emphasize with all my power what you say regarding^ the 
necessity of a topographic map. This is so great a need with us In Ann Arbor that important 
work already begun will have to stop unless we can have the region mapped. I have already 
had some conversation with Trof. J. n. Davis, our professor of surveying, etc.. in regard to a 
map of the Huron river at Ann Arbor. Some of my students have been constructing prelim-, 
Inary maps of some of the glacial fakes near here, and they serve for purposes of study to some 
extent, but they are n4»t sufficiently accurate for a scientific plere of work and could not be 
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published. Prof. Reighard feels the same need ; so does Prof. Runel. We must, by one means 
or another get truthful maps of the State just as soon as may be. You may be sure of the 
hearty cooperation of all of us on that score, for it is a *long felt want.* The right way, aa 
you suggest, is for the State to do Its share towards paying for it and then get the IT. S. Surrey 
as soon as possible to go ahead." 

In consequence I entered into an arrangement with the United States 
Geological Survey, a copy of which is found in another place, for a 
topographic survey, which will nearly cover Washtenaw county and also 
portions of adjacent counties on the north, east and south, and will, I 
trust, be of use in many ways to the large number of students that come to 
the State University and Normal College, particularly in illustrating to 
them the utility of such a map, as well as the residents of the region. 

When this map is finished I hope to arrange for a careful geological 
survey of the county. Mr. F. Leverett, Prof. Sherzer and Prof. Russell 
already have many notes on the surface geology and two deep wells 
recently put down, that at Milan and at the university, help to give us 
more exact knowledge of its deeper structure and mineral waters. 

The samples preserved at the university of the well were put up wet 
and have so cemented that I have been able only to give a cursory 
examination. An abstract of my examination and correlation, combined 
with newspaper items, may not be useless, pending further details or 
in case the samples should be in any way destroyed, and will be found 
in connection with my discussion of the prospects for oil and gas in a 
later paragraph. 

It is to be regretted that the university has not made all that it might 
in addition to science from this boring. The rate of inci'ease of temper- 
ature, the magnetism excited by the earth in the casing, and the char- 
acter of the mineral waters and their gases, are as worthy of study as 
the mere succession of the strata. This well might be an important 
part of the equipment of a geological laboratory. 



LAPEEK COUNTY. 

This is one of the counties the rocks beneath which are probably rather 
monotonous, the sandstones and shales of the Marshall and Coldwater 
series. It is, however, one where we are very uncertain of the dips and 
where anticlinals suitable for the concentration of oil and gas may 
occur, so that everv item of information bv wells is of exact value. 

Mr. J. J. Mason informs us that he put down a well at Columbiaville 
15(H) feet deep, the last 90 feet thereof being a brine-bearing sandstone, 
presumably the Berea. The well was plugged at 700 feet in order to use 
fresh w^ater, which comes in probably from the Marshall at 300 to 400 
feet depth. 

Mr. F. B. Taylor began to work up the surface geology of this county 
in the summer of 1900. But his work is not entirely finished, and I 
cannot tell how soon we may be able to finish a report uniform with 
those of Vol. VII. I prefer, therefore, to publish here his preliminary 
report, which has already been given to the residents of the county 
through the courtesy of the I*apeer County C^larion, March 8 and 15, 1901. 
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SURFACE GEOLOGY OF LAPEER COUNTY, MICHIGAN. 

SUMMARY OF REPORT OF PROGRESS. 
BY F. B. TAYLOR. 

The field work upon the surface geology of Lapeer county is still in 
an incomplete state. The month of May, 1900, was given to this work 
and the results so far attained are summarized below. 

Work upon a topographic map with contour intervals of ten feet is 
well advanced and is nearly complete for the southern two-thirds of the 
county. The northern third will require some further barometric. work. 
Some of the rougher parts in the central portion of the county will need 
some further study, especially in Arcadia, Mayfield, Deerfield and Oregon 
townships. The extremes of surface relief range from about 750 feet above 
sea level on Flint river in northwestern Oregon township to about 1275 
feet above sea level in southern Drydeu and Metamora. The highest 
point of the region is in section 6 of Addison township, Oakland county, 
about three-fourths of a mile south of the county line. This point is 
close to 1300 feet above sea level. Belle river in northeastern Almont 
is down to about 780 feet above sea level, that is 200 feet above Lake 
Huron. The central part of the county has several clusters of rugged, 
irregular, steep-sided gravel hills. Dryden, Metamora and Hadley are 
mostly high and hilly, while the eastern border and Burnside, Burling- 
ton and Rich townships are mostly flat and close to the level of 850 feet 
above sea level. On sections 21 and 28 of Burnside is a sharp isolated 
hill commonly called Burnside mountain, which rises about 300 feet 
above the plain to the east. The topography of the county is character- 
ized by a series of ridges and valleys. In the eastern half they trend 
southeast and northwest, but in the western half they run northeast and 
southwest. 

The bed rocks of I^apeer county are entirely covered by glacial drift, 
in most parts to a relatively great depth. So far as known they do not 
protrude at any point. The depth of the drift and the configuration of 
the buried rock surface beneath can be learned only as it is revealed in 
well borings and other excavations. Within the limits of Lapeer county 
there are so few such borings so far as learned which reach the rock 
surface that very little is known respecting it. In Dryden and Meta- 
mora townships, which comprise the highest parts of the county, the 
drift is known to be very thick, not less than 300 to 400 feet, and prob- 
ably more. So far as learned, the drift does not appear to be much less 
than 100 feet deep in any part of the county. 

The entire surface of the county is therefore composed of loose, uncon- 
solidated sediments. By far the greater part of it is clay, but with a 
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considerable admixture of sand, gravel and stones, large and small. 
With but few exceptions the clay has stones and boulders scattered 
promiscuously through it; clay of this sort is called "boulder clay'' or 
"till," and by well-drillers "hardpan," and is well recognized as a charac- 
teristic glacial deposit. It is the normal deposit of slowly-moving massive 
bodies or streams of ice, and its heterogeneous character readily dis- 
tinguishes it from sediments laid down in water, whether still or in 
motion. Almost the whole of the great mass of softer sediments which 
covers the bed rocks of Lapeer county is composed of this boulder clay 
or till. But here and there through it and upon its surface are occa- 
sional beds of sand and gravel and bouldery places and sometimes beds 
of clay horizontally bedded in fine layers free from all coarser sediments. 
These distinctly classified sediments are the deposits of water, the 
coarser ones in running water and the finer ones in quiet or still water. 
They are all comprehended under the general term of modified drift, 
that which was laid down by the glacier without the intervention of 
water action being designated as unmodified drift. The entire mass of 
the drift deposits is made up of an exceedingly complex mingling of 
these two classes of sediments. But while the main constituent of the 
drift is boulder clay or till, almost every well or other deep excavation 
shows more or less extensive and irregular masses of modified drift, 
usually sand or gravel, embedded in or lying under the till. These more 
porous layers often become great reservoirs for the accumulation of 
rainwater, and when they lie in an inclined position and are overlain 
by an impervious bed of till they are likely to become the reservoirs for 
artesian wells and perennial springs. There are a number of artesian 
wells and springs of this kind in Almont township. Before the comple- 
tion of the work, it is desirable to make some further collection and 
study of well records with a view of learning as much as possible con- 
cerning the conditions of natural water storage and supply. 

The study of the surface features and deposits of the county is also 
well advanced. Incidentally to the study of the topography and the 
distribution of the different kinds of soil, much has been learned con- 
cerning the history of the development of the surface. Inasmuch as the 
topography and soil distribution of the county as we find them are almost 
entirely results of the particular processes by which the drift was 
originally fashioned, it seems desirable to present a brief sketch of the 
history of that development. The data for this sketch and for the map of 
the surface features which should go with it are nearly complete. The 
accompanying map (Plate IV) presents a rough sketch of these features 
so far as made out, but is lacking in accuracy of detail in some parts, 
especially in the northern and northwestern parts of the county. 

The general facts required for this historical sketch are at hand and 
may be briefly summarized. As its maximum the continental ice sheet 
of the glacial period overspread the whole of Michigan, and it reached 
far to the south over Ohio and Indiana. At that time a solid mass of 
ice filled the basins of Lakes Michigan, Huron and Erie and covered all 
the intervening and surrounding country. Southern Michigan was then 
deeply buried under the ice to a depth measured perhaps by thousands 
rather than hundreds of feet. As it retreated northward by gradual 
melting, its margin frequently halted, probably periodically, and at each 
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halt a more or less well defined ridge of drift was formed at and under 
the edge of the ice. These ridges are known as moraines. A numerous 
and intricate series of them has been traced out and mapped in Ohio 
and Indiana and southern Michigan, and their distribution shows that 
when Lapeer county first began to be uncovered by the retreating ice 
the glacier was still occupying the Saginaw valley and the basins of 
Lakes Huron and Erie. The glacier moved forward most rapidly in the 
valleys and lagged behind on the higher ground, with the result that 
the higher parts of the country were uncovered first as the ice retreated. 
The thumb of Michigan forms a broad- ridge projecting northward 
between the Saginaw valley on the west and the valley of the St. Clair 
and Detroit rivers on the east. Lapeer county may be said to lie upon 
the basal portion of the thumb. As the glacier retreated, its margin 
formed in two great lobes, one projecting southward in the Detroit 
valley and the other in the Saginaw valley. Between these projecting 
lobes was a sharp re-entrant angle running northward on the intervening 
high ground into Lapeer county. Thus, through all the time that the 
ice-front was retreating across this country, the apex of the re-entrant 
angle between the lobes was within its area. Strong drainage usually 
issues from such angles in the glacier, and its magnitude is roughly 
proportioned to the magnitude of the lobes that bound it. In Lapeer 
county the rivers that drained the glacier were large and they made 
a strong impress upon the surface deposits. Although some further 
investigation will be required on the relation of the moraines and the 
associated drainage in the central, northwestern and northern parts of 
the county, enough is known to show that in its retreat northward the 
ice-front halted five times, the moraine of the last halt barely touching 
the northern fringe of the county. In each position, except the last or 
most northerly one, a river of considerable size fiowed along the edge 
of the ice and was fed by streams issuing from the ice itself- 

Moraines are not merely dumps of detritus falling from the steep 
front edge of the glacier, but are also largely accumulated upon and 
under the ice near its margin. Such a moraine forms a belt varying 
usually from two to five miles wide, though sometimes much wider. 
The first moraine formed in Lapeer county covers the western half of 
Dryden township, the southwest corner of Attica, the southeast corner 
of Ijapeer, nearly all of Metamora and the southeast half of Hadley 
townships. This is a very hilly district and forms the highest part of 
the county. The earliest glacial river bed in the county is associated 
with this moraine and lies in Dryden and Metamora townships. It 
turns an entire semicircle, starting north across the county line south of 
Whigville and turning gradually around to west and south and passing 
out of the county about a mile and a half east of Thomas. 

This river bed has peculiarities which are hard to explain. There 
is some evidence that it did not flow along the ice-front, but under the 
solid ice-mass itself, and that it issued from under the ice at a point about 
two miles south of the county line. The ice-front at the time of this 
moraine appears to have been a little south of the county line, and 
the relation of this channel to it remains for the present somewhat 
problematical. 

The next later moraine in Lapeer county passes north through the 
15 
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west half of Almont township, runs north-northwest through eastern 
Attica and central Arcadia, where it turns west across northern May- 
field and thence runs south-southwest through eastern Oregon, central 
Elba and northwestern Hadley townships. This moraine is quite irreg- 
ular in character. It has a high rolling topography in southwestern 
Almont, is so weak as to be almost unrecognizable in southeastern Attica, 
but in northeastern Attica and in Arcadia and Mayfield it is very rugged 
and has many high, steep-sided knolls of gravel associated with it. In 
some parts it is chiefly made up of these. 

The drainage at the time of this moraine went northward in eastern 
Dryden, northwest across Attica and, after crossing Lapeer in a course 
not yet clearly made out, it ran southwest up the course of Farmer's 
creek, across eastern Elba and central Hadley. 

The next later or third moraine is a faint feature running north-north- 
west through central Almont and western Imlay and Goodland, becoming 
a strong feature in the latter township. Thence it passes northwest 
through North Branch to the northeast corner of Deerfield, where it 
turns southwest and, following the south side of Flint river, passes out 
of the countv. 

The drainage of this stage is not yet made out continuously. The 
long flat depression west of Almont suggests a line of drainage, but 
seems to lack speciflc characters of a river bed. It seems to fade away 
within three miles north and nothing representing a river bed appears 
until a point is reached about two miles northwest of Imlay City. Here 
a wide channel opens rather abruptly and runs northwest past Lum, 
King's Mills and north of Five Lakes. Beyond this its course is not yet 
made out, but there is a river course running across the center of Oregon 
township from northeast to southwest which is probably a part of the 
same. Between Almont and Imlay City it may be that a readvance of 
the ice filled up a channel that existed there and pinched it out. 

The next and fourth moraine runs north-northwest through eastern 
Almont in very faint form and passes northward about a mile and a half 
east of Imlay City in broken fragments. In Goodland township it 
becomes a strong feature and turning northwest crosses southwestern 
Burnside, northeastern North Branch and southwestern Burlington 
townships. On the flat plains of Rich township it seems to have 
no representation. But in southwestern Rich and running southwest 
through central Marathon it is well developed along the north side of 
Flint river. This moraine and the two preceding ones are crowded 
together two or three miles south of Imlay City into a breadth of four 
or five miles. 

At this stage the drainage took on a new relation. As the ice-front 
drew back to this position the water of Lake Maumee flowed in over a 
part of the ground uncovered and it found a free passage across a low 
divide in northern Goodland township and down Flint river. Thus an 
outlet for the lake was established instead of a river carrying only the 
drainage from the immediate ice-front. Lake Maumee was a lake which 
gathered in front of the receding margin of tlie continental glacier and it 
filled the valley of the Maumee river and had its principal outlet at Fort 
Wayne, Ind., and thence down the Wabash. One arm of this lake reached 
nearly to Cleveland in Ohio and another to Imlay City, Mich. But the 
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new outlet through Lapeer county did not carry the whole discharge, 
for the Fort ^Yayne outlet continued to be active. A beach composed 
of gravel and sand was made by the waves of this lake where it dashed 
upon its shore. This beach, known as the Leipsic beach, has been traced 
northward through Almont and Imlay townships to the northern part 
of Goodland, where the outlet narrowed up and began to flow as a river 
in which wave action was not so powerful. At Imlay City this beach 
is about 850 feet above sea level, but it declines somewhat southward. 
From the center of Goodland the river ran directly northwest to the 
southern part of Rich township, where it turned southwest and fol- 
lowed the course of Flint river, passing out of the county in the north- 
west part of Oregon township. 

The last and fifth halt of the ice-front in Lapeer county made a 
moraine which barely touches the northern edge of the county. A faint 
morainic ridge passes north of Silverwood and runs west-southwest into 
the northwest part of Rich township. Another runs east and west north 
of Clifford and another runs southeast a little south of Marlette in 
Sanilac county. The course of this last one probably carries it across 
the northeast corner of Burnside township. But the northern townships 
of the county have not yet been fully studied. 

So far as known, this moraine does not appear to have had a river 
along its front. This moraine and the preceding one are both rather 
faint in the northern part of the county and there is no well marked 
valley between them, but an almost level plain. All these moraines 
have well developed courses of transverse drainage, that is, at right 
angles to the course of the moraine and the ice border. The streams that 
made these seem to have flowed out from under the ice. Belle river fol- 
lows oiie of these in Attica and Imlay townships to where it joins the 
lake outlet north of Imlay City, Mill river follows others through the 
second, third and fourth moraines across Attica and Goodland town- 
ships. Another runs south-southwest from northern Burnside to the 
lake outlet in North Branch. Flint river passes through one at Thorn- 
ville, and again in eastern Oregon and Marathon it follows two others. 
There is a good one also in western Oregoft running morthwest to Flint 
river. This one has an esker in it. It some instances these lines of drain- 
age appear to be associated with large accumulations of gravel and sand, 
which were laid down by the streams as they came from under the ice. 
The greatest gravel accumulations, however, such as those in the north- 
west part of Arcadia and in northern Mayfield, do not appear to be 
associated with such transverse river courses. The transverse courses 
through the fourth moraine seem to have carried off the drainage of the 
firth directly away from its front. 

There was, presuinably, a soil covering the rock surface of Lapeer 
county before the advent of the continental glacier. That was a soil 
of disintegration, produced by the decay of the rock surface as it lay in 
place. Probably most of that soil was swept away by the first advance 
of the ice, but a considerable portion of it may have been mixed in with 
the other ingredients which make up the till. So far, however, there has 
been no certain recognition of the preglacial soil. 

The character and distribution of the present soil of Lapeer county 
is very intimately related to its glacial history. The drift which the 
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glacier left behind, with all its variety of topographic form and com- 
position, has been the basis of soil formation. The weather, animal and 
vegetable life, and chemical action have all contributed to the final 
result. Mechanical forces of disintegration have resulted from frost 
and sunshine, from wind and running water, and from the action of 
both vegetable and animal life. Chemical decomposition results from 
oxidation and from the dissolving power of water aided by carbonic acid 
gas and the humic acid of decaying vegetation. The contribution of 
humus or decaying vegetation to the surface soil is perhaps the most 
efficient of natural agencies for its enrichment. Steep slopes and high 
ground generally are well drained and their principal sources of vege- 
table enrichment are derived from leaf mould and the decay of roots and 
fallen trees. But some part of these materials are always carried off in 
solution by surface streams to lower ground. Ponds and swamps, includ- 
ing especially in this county the old river beds, have poor drainage, and 
they receive a considerable contribution of enriching matter from the 
surrounding higher ground. A number of the ponds and swamps of 
Lapeer county contain deposits of marl and most of them contain more 
or less muck and peat, a few in considerable quantities. 

The morainic areas of the county have for the greater part clay soils, 
and so have the flat till plains of the northern townships. There is, 
however, a considerable variety among these soils. They are heavier or 
lighter according to the proportion of clay they contain. The soil on 
the earliest or first moraine of the county comprising the high ground 
in the southern part, is in most parts rather more gravelly and sandy 
than the common run of the till in the other moraines and the soil is 
therefore a shade lighter. Some of this moraine, however, is purer clay 
and has a slightly heavier soil, notably in eastern Hadley and north- 
western Dryden. The till plains of the northern and northeastern town- 
ships have in the main a still finer clay soil and are correspondingly 
heavier. Much of Rich and Burlington and Burnside, with the eastern 
parts of Goodhind and Imla}', are of this heavier clay variety, sticky 
when wet and more or less inclined to harden on drying in the sun. 
There are sandy streaks, however, across Burnside township which con- 
tribute somewhat to ameliorate the toughness of the clay and turns it 
into sandy clay loam. Through the middle, southern and western parts 
of the county the clay soil is usually described locally as *'clay loam." 

There are a great number of knolls and scattering beds of glacial 
sands and gravels associated with the several moraines, and these of course 
have lighter soils. They are frequently devoted to fruit culture. Many 
gravel knolls are covered with orchards. 

The old glacial river beds are mostly poorly drained. In consequence 
of this they are to a large extent swampy, although they all contain more 
or less sand and gravel in the form of bars formed by the currents of the 
glacial rivers. Some of these bars are flat and wide and furnish excellent- 
light soil areas for small fruits. 

The old lake outlet, or ^*Imlay Channel" as it is called, is mainly floored 
with muck and |)eat as far north as the north side of Goodland town- 
ship. From that on it is partly occupied by sand bars to the bend in the 
south part of Rich township. Southwest from this there is an extensive 
sand plain bordering Flint river, nan'owing at Columbiaville, but widen- 
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ing again below that and passing into Genesee count}'. This sand forms 
a very light, barren soil. 

Dune sand is scarce, so far as seen, being found only in northwestern 
Mayfield and the adjacent part of Deerfield townships. 

There are some large areas of muck (peat and celery) soil in Lapeer 
countj', esi)ecially in the townships of the eastern and northern border. 
Some of these have been drained recently and are coming into use, notably 
those near Imlay City and along the course of Mill river in Goodland 
township. There are also many smaller areas in the central and western 
parts of the county. 

Lax)eer county has so far made but little progress in the development 
of industries based on its economic geological resources. These resources 
are, however, so far as now known, comparatively few. There is a con- 
siderable quantity of marl in the county and localities so far determined 
are shown upon the map. None of them, so far as learned, are of large 
enough extent to form a basis of cement works in the present stage of 
this industry. No beds have yet been found having an extent of over 
one hundred acres. Because of their present unavailability mainly, the 
marls found have not been tested thoroughly to determine their suit- 
ableness for cement. The largest swamps in the county, in the eastern 
and northeastern parts, appear not to yield marl. Marl was formerly 
burned for lime in several parts of the county, most notably in south- 
western Hadley and southeastern North Branch townships. 

Clay suitable for brick and tile manufacture may be found in several 
places, but so far as known none are now worked for these purposes. 
None, however, of the best quality and free from pebbles is known at 
present. 

Gravel and sand are very generally scattei*ed in patches over Lapei^r 
county. For the greater part, however, it furnishes but indifferent road 
metal because it is too sandy. It remains loose and unpacked when put 
upon the roads. In many placres the com]>o8ition of the material is in 
large part too fine, and also in part too coarse. Such metal makes a road 
soft when new and rough after it has become settled or worn. The 
tendency of the sand to remain loose even where it does not appear to 
be too fine seems to be due chiefly to two causes: to the hardness of the 
pebbles and sand grains and to their roundness. Too few of the grains 
crush under the wheels to form any cementing material and the metal 
is generally very free from anything like clay as it comes from the pits. 
The grains are almost all of the hardest crystalline rock brought by the 
glacier from Canada, and their roundness and smoothness is such that 
they will not knit together and pack without the aid of some cementing 
material. Clay is sometimes put on sandy roads for this purpose, but 
this method, while it works well in many cases, is too commonly over- 
done. Too much clay is used to attain the best results. By a little 
judicious screening of the gravel and a proper use of clay for <*ementa- 
tion, there is every reason to believe that the generally too sandy road 
metal of the county can be utilized to good advantage. 

It may be remarked again in closing that this sketch of the surface 
geology of Lapeer county is prepared upon an incomplete basis of obser- 
vation. Three or four weeks more ought to be given to field work before 
the final rejwrt is written. 
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The special subjects or heads under which geological research may 
best be grouped are of two kinds. Either they represent business inter- 
ests, and the facts grouped under each head relate to the raw material 
or materials of some industry; an illustration are the papers on clay, 
coal and marl, all materials for the cement business, which are appear- 
ing in our volume VIII; or on the other hand it may be some more purely 
scientific question, upon which the facts grouped together throw light. 

In regard to general relations of geology, especially of this State, 
to the business world I shall beg leave to submit a lecture given before 
the Field Columbian Museum* November 2, 1901, though the style is 
somewhat informal and I cannot well reproduce the accompanying 
lantern slides. 



THE ECONOMIC GEOLOGY OF MICHIGAN IN ITS RELATION TO 

THE BUSINESS WORLD. 

RAW MATERIAL. 

It gives me great pleasure to represent the State from whose gypsum 
quarries comes one-third of the product of the United States, which not 
only furnishes most of your wall plaster, kalsomine, adamant and similar 
wall finishes, and magnificent slabs of oriental alabaster (Michigan is 
east of Chicago), but particularly the material of that White (Mty wiiich 
embodied in a beautiful dream the aspiration for beauty, the abounding 
liberality, the indomitable energ}', the civic pride, and capacity for har- 
monious work which characterize this city of which you are pi'oud to be 
citizens, in order to tell you something of its other treasures of raw 
materials which have supplied and will largely supply the matter for 
your work. 

For economic geology' is but the science of raw materials, the real or 
ultimate raw materials, upon which no work has been done. Such mate- 
rials are always parts of the earth's crust. In common parlance, many 
things are called raw materials which are raw materials for one industry 
perhaps, but are the finished product of another. Iron ore may be a raw 
material from the point of view of the Pennsylvania blast furnace man, 
but it is the finished product of the Michigan miner, just as much so as 
the pigiron turned out by the furnace men, which goes on from hand to 

* Reprinted in the Michigan Miner for Dec. 1901. 
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hand, or rather from machine to machine, issuing as the finished watch 
spring, only to become at once raw material for the watch mannfacturer. 
Now, the business world is concerned with material wealth, which is 
labor incarnate in matter. Energy', ability and wisdom become matters 
of business, objects of exchange as well as desire, only when the}' are 
employed upon and embodied in matter. Dirt has been said to be matter 
out of place. Raw material is matter out of use. 

LOCATIOX. 

Sometimes all that is required to bring the raw material into use is 
change of location. The strawberries which rot in Michigan beds would 
find a use fast enough in Chicago streets. Some of the sand piled high 
on Huron county beaches is worth over a dollar a ton placed at the 
bottom of a copper-smelting furnace. The waste sands from stamping 
the rock to get out copper are of no use in furnace bottoms, but, mixed 
with a little asphalt, make the best of paving blocks. A good gravel 
bed, such as that at Mecosta, well placed for road mending or railroad 
ballast may really be worth more per cubic yard than the golden gravels 
of the Yukon, the difference depending on the fact that the latter are 
hard to reach. 

The value of an article in anv market is then normallv verv closely 
dependent on the amount and quality of labor required to get to market 
the part of the supply needed that costs most. 

The value of the raw material is profiortionate to the advantage which 
it may have, in that it can be put into market and in shape for it with 
less labor. 

Please note, for instance, how the copper mines of Michigan are 
chiefly grouped close to two great gaps in the range. Is this because 
the copper is bunched there exclusively? It is hardly likely. Is it acci- 
dent? No, it is almost certainly due largely to the relative ease of trans- 
portation and discovery. The new railroad south from Houghton is 
partly the effect but partly the cause of the opening up of a new tract 
of copper-producing land. 

These two processes just mentioned, putting the raw material whei*e it 
is wanted and putting it in the shape it is wanted, correspond to the two 
great divisions of business, commerce and manufactures. The railroad 
and the commercial traveler are busy putting matter where it is wanted, 
— the mill and the manufacturer mold it into the ii»quired shajK*. 

Let us then begin by looking at the advantage which Michigan has . 
trom a commercial point of view, in the ease in which transportation 
to market may be obtained. Studies of location are, as may be seen 
from what hns been said, a very important part of the study of eccmomic 
geology. 

One of the {joints of vantage is our nearness to riiicago, and a word as 
to the conmianding position of (.'hicago itself may be allowed. The great 
cities of the world are generally found in geologic basins, and very fre- 
quently the basin takes its name from the city. Rome, Vienna. I'aris 
and London, for examples, have geologic basins named after them. Such 
a disposition of the geologic strata makes some eity near their center 
the natural met^ting point for the later stages of manufacture and mart 
of trade for different materials. Now, Chicago may be ti'eated as the 
center of a vaster basin than anv of those mentioned, which extends 
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from the coal mines of Pittsburg to the upturned strata of the Garden of 
the Gods in Colorado, and from the mines of Michigan to the Gulf of 
Mexico, the whole Mississippi Taller, in fact. Michigan is also near to 
other great open markets, not only to Chicago and Detroit, but to Buffalo, 
Cleveland and Duluth as well. ' 

WATER FAClLrriES. 

Not only is she near them, bat she has cheap water transportation to 
them. Nowhere else in the world is there so great an extent of fresh 
water coast line (dotted with fisheries of value). Few states of the Union 
have so much water line of anv kind. Not onlv is it cleft into two 
peninsulas (and outlying islands which amount to some 200,000 acres 
more), but by Saginaw bay and the so called Saginaw, river the level of 
the Great Lakes reaches the center of the coal basin and the geologic 
(renter of the State. Moreover, the whole west shore of the State is 
lined with lakes, big and little, which the mere cutting of a sand-bar 
transforms into first-class harbors. The geological explanation of these 
lakes is full of interest. The land in which the basins filled by the Great 
Lakes lie is rising, but not equally. The farther north, the greater the 
rise, at the rate of about 0.4 foot per 100 years per 100 miles toward the 
north-northeast. 

The result of this lift is evidently a tilting of the basin, so that while 
the water is leaving the northeastern part all the time it is backing up 
on the shore in the southwestern. This would naturally back the water 
of the lakes up the river valleys, and the ('hicago outlet is but an antici- 
pation of the course of nature. The Saginaw, the course of which is 
exactly against the direction of the uplift, is a good example of a 
backed-up stream, though the effect there has not been great. On the 
west shore the prevailing west winds and the lake current combine to 
throw sand-bars across the mouths of the drowned river valleys and 
jjonvert them into lakes, and thus we have every stream of the west 
shore ending in a lake. This enables the direction of tilting and the line 
between the part where the water is retiring and that where it is gaining 
to be fixed quite nearly, for if we pass a line from the outlet at Port 
Huron to the northwest between Traverse City and Frankfort, then every 
stream to the south empties into a lake which is only the flooded part 
of its own lower valley. On the other hand, the streams to the northeast 
of this line come into the lake on the run, with water-powers close to 
their mouths, as at Alpena, (."lieboygan, Elk Rapids, etc., thus showing 
that the lake has been getting away from them. 

INTERRELATION OF RAW MATERIALS. 

We have also to ccmsider, in estimating the value of raw materials, 
not merely their location relative to great marts of consumption, but also 
relative to other raw materials, for there are but few finished products 
into which only raw material has gone. Take, for instance, the manu- 
facture of beet sugar, of which Micliigan will produce this year between 
one and two hundred million pounds. Those who are not specially inter- 
ested perhaps think of the matter as one mainly of the climate and soil 
for sugar beets, but that is not the whole of the story. Besides sugar 
beets, water is needed, good water and plenty of it, without much organic 
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matter and without salt. Only the other day I was consulted as to a 
supply of water for the Bad Axe beet sugar factory, and I have been 
informed that a doubt as to the quality of the water delayed the building 
of a beet sugar factory at Saginaw for years. Not only is water needed, 
but coal or other fuel to evaporate the water after it has soaked the 
sugar out from the beets; for instance, the presence at hand of slack as a 
cheap fuel is an important advantage of the Bay City factories, and the 
possibility of coal in the neighborhood, in fact right beneath the factory, 
may mean a good deal to the Lansing factory in the coming days of 
severe competition. Not only is the coal needed to boil down the juice, 
but limestone to clarify it, and that of a very high grade with less than 
two per cent of impurities if possible. Perhaps this one illustration will 
be enough to make clear to you the importance of the relation of loca- 
tions in the study of raw materials. It is probably this principle that 
leads the center of a geologic basin to become a center of industry, 
because around it the various kinds of materials are arranged, and in 
it they meet for their mutual edification and improvement. 

SAGINAW THE CENTER OF ATTRACTION. 

Now, we find as a striking feature of the geology of lower Michigan a 
basin-like arrangement of the beds.* 

A brilliant French writer, with that fondness for antithesis so character- 
istic of French style, has remarked that the rocks of France are arranged 
around two poles — the positive or attractive pole, toward which the 
rocks dip, toward which the streams of water flow, and, beside these 
material streams, streams of youth and intelligence, I need hardly name. 
To a Frenchman what can be the attractive pole of France but Paris? 
The other pole from which the rock strata dip is a rough mountainous 
region, repellant except to those who rejoice in wild scenery or who 
have been fascinated by architectural studies. This region of primitive 
rocks, where the original crust of the earth stands nakedly forth exceflfc 
as partially swathed in the debris of extinct volcanoes, is the rugged 
r<^ion of the Auvergne, culminating in Mont Dor^ and the Mont du 
Cantal. Around Paris and the Cantal curves in a great figure eight the 
band of Jurassic strata, while younger beds surround Paris and older 
ones are found in the Cantal curve. 

This antithesis may without forcing be api)lied to the State of Mich- 
igan; but the geological center of attraction is neither Detroit nor 
Lansing, but Saginaw. This is geologically the center and attractive 
point of the State, and a geologist must prophecy a brilliant future for 
Saginaw and Bay City, which have the advantage of Chicago on a 
smaller scale. Toward it flow the rivers from all directions. Around it 
lies the coal basin, the youngest of the consolidated formations. The 
encircling strata of lower rocks all around dip toward it; and, turning 
to the most recent deposits, successively older and older beach lines 
encircle it, and then terminal moraines of the ice sheet. 

The great figure eight made by the Jurassic strata in France must be 
replaced for Michigan by the Great Lakes, which unite and divide the 
two ))eninsulas. 

• Sm Michigan Modentor, October. 1899. Also Plate IX. 
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The negative pole, the rngged protrnsion of oldest rocks from which 
the strata dip and the streams flow, we find in the Huron mountains 
northwest of Marquette. 

There are a number of other ways in which these two poles may be 
contrasted. The one is the highest land of the State, the other the 
Saginaw valley, the lowest large area. The one is surrounded by mines 
of iron and copper and is relatively devoid of farms. The other has 
mines of coal and is a fertile valley. The one pole is and will be com- 
paratively unpopulated, the other is or will be densely populated. 

Michigan may also very handily be compared to two hands. The right 
hand is the Lower Peninsula, fat with fertility. The Saginaw valley is 
the hollow palm upturned, receiving blessings from the skies. The like- 
ness is so plain that the district of Huron, Sanilac and Tuscola counties 
has long been known as the Thumb. The overhanging and projecting 
cliffs of the Point Aux Barques may pass for the Thumb-nail. Leelanau 
countv we mav then call the little finger. 

The Upper Peninsula may then be taken as the left hand, which will 
be leaner, with bones and sinews of rock far more prominent, and of this 
hand Keweenaw Point may be taken as the thumb. 

The two hands taken together contain almost all the resources neces- 
sary for man, and mutually complement each other. 

UNION OF INDUSTRIKS. 

One striking instance of correlation in industries and in raw material 
has been of the greatest importance in Michigan. 1 refer to the union 
of lumber and salt. In the manufacture of lumber there was a vast 
amount of waste wood and saw-dust which had to be burned to be got 
rid of, which indeed is burned today in some places. But fortunately 
almost anywhere in the Lower Peninsula of Michigan one can by drilling 
find either rock salt or a strong brine for salt manufacture. In the former 
case they pump down water to dissolve the rock salt so that in both 
cases they have to evaporate the brine, and for this the waste heat from 
burning the saw mill refuse was used. When the pine was cut and the 
saw mills of the Saginaw river began to move or burn up without rebuild- 
ing, it was thought that time had struck the knell of the salt industry. 
But instead of that the hour had struck to awake the black giant coal, 
which all this time had been lying low and saying nothing, to take up 
the task. And now in the Saginaw valley, whenever they have a little 
waste heat or coal, at the power plant of the electric road, at the glass 
works or at the dump of the mines, thev can always turn it to use in 
making salt 

Of all the raw materials, those which supply power to do a man's 
work for him are of the most value, not only in themselves, but in their 
correlative raising the value of almost every other adjacent material. 
Two of them we have just mentioned — wood and coal. Others are water- 
power, wind, peat, oil and gas. These materials do not have the gener- 
ation of power as their sole use; but if, as we have said, wealth is labor 
incarnate in matter, it is obvious that anything which can replace or 
multiply labor is of the widest economic importance. 



126 BOAKD OF GEOLOGICAL SURVEY. 



WATER-POWER. 

Of all these sources of power, water-power is probably the most i)er- 
manent, though if we sacrifice our wood too recklessly we may also injure 
our water-power resources. 

It is not possible to go into details regarding the water power of the 
Wtate, for which I must refer to the writings of Robert E. Horton,* but 
one or two salient facts may be noted. One of these, the location of water- 
powers near the mouths of streams northeast of the tilting axis, has been 
mentioned. Another is the abundance of lakes upon the highlands of the 
Lower Peninsula, which serve to steady the flow of the streams. The 
Great Lakes formerly stood 100 to 200 feet higher than today. As they 
retired they left the old lake bottoms, around Detroit and Saginaw, for 
instance, as nearly smooth plains, while above their former extent we 
have a region which was the dumping ground of three glacier arms, one 
of which cahie down Lake Michigan, one through Lakes Huron and Erie 
into Ohio, and a relatively shorter one followed the Saginaw bay. This 
higher region is studded with lakes and swamps, and near the boundary 
of the two regions there is an especially well-marked water-power belt, 
on which Adrian, Tecumseh, Ypsilanti, Rochester, Owosso, Alma, Mt. 
Pleasant, and a host of other thriving little manufacturing towns are 
springing up. 

This line is not only one of river water-power, but also one where we 
are especially likely to find flowing wells. Though one does not often 
think of them as sources of power, they are, for they save the work 
employed in pumping or the cost of a windmill, and when they will run 
a hydraulic ram, or without it throw water all over the house, they are 
a commercial asset of value. 

The flowing wells just referred to come from the drift, and are from 
strata of gravel, etc., having their sources toward the highland region 
and following the slope of the country down to the lake. But, beside 
these wells, there are many from the rock. 

The structure of the State being that of a synclinal or basin, wherever 
a boring can tap a porous bed which takes in water at some higher level 
we are likely to have flowing wells. This was the case over most of the 
Saginaw valley and in the valleys nearly all the way back to Hillsdale, as 
at Lansing. Along the shore of the Lower Peninsula, too, with but few 
exceptions, flowing wells may be obtained. In the Upper Peninsula, 
along the whole of Lake Michigan from Menominee to Drummond's 
Island, wells with a strong head may be obtained. The Lake Superior 
shore from Keweenaw Point west should also yield artesian wells. 

The temptation to digress and discuss the water supplies of farms and 
cities, the great advantage which the Upper Peninsula has in its soft 
waters, the cost of the hard water in laundry bills and soap, and the 
distribution of hard and soft waters through the State, must be resisted, 
for power is the subject in hand just now. J will merely remark that 
manufacturers and promoters have made trips from Chicago and 
Detroit to Lansing just to talk over this one matter with me. 

Returning to water-power proper, I would remind you that in connec- 
tion with electricity water-power is to be of increasing importance. A 

• U. S. G. S., Water Supply papers No. 30. 48, 49 and the Michigan Kngfneer for 1901. 
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great dam at Allegan has just been put in from which it is planned to 
Idealize 3,000 horse-power. Another is in preparation. Thunder Bay river 
furnishes several hundred and could furnish perhaps 2,000 or 3,000 horse- 
power at several different points. But the greatest water-powers of the 
State are yet undeveloped. The Au Sable, An Gres and Rifle have numer- 
ous lakes and considerable flow all the year and magniflcent water-powers 
untouched. In the Upper Peninsula there are still more. Lake Gogebic 
sends fine power past the Victoria mine, and the Ontonagon river has a 
large valley to the south of the Copper Bange, through which it forces 
itself with a rapid flow. 

The Dead river near Marquette furnishes light to all the town at a 
nominal cost, but it has 850 feet of fall in 10 miles and could do every 
stitch of work done in the town. The Sturgeon falls help run the mines of 
Iron Mountain, and, though I shall not pretend to list the Michigamme, 
Tahquamenon and all the other powers, yet I could not be pardoned if I 
forgot the '*Soo" with its 18 feet of fall and all Lake Superior behind, 
where the carbide for your bicycle light is manufactured. 

In air power Michigan has no special advantage. 

WEALTH IN WOOD. 

The wealth of Michigan in wood is well known, and, though the forests 
of pine that were thought inexhaustible are well nigh exhausted, there is 
yet a great deal of hardwood left, the raw material of the furniture 
manufacturer and also of the charcoal man ; 160,000 tons of charcoal iron 
are made in the State. 

The great wealth in wood in kind and quantity is due to the range of 
climate and range of soil. The hardwood belts are characteristic of the 
glacial moraines. The use of waste wood as fuel has been already men- 
tioned. The next source of fuel (peat) may be considered a mixture of the 
two previous (wood and water). We have used our own peat bogs to grow 
peppermint and celery, and the peat itself for nursery packing, etc., but 
until recently no serious attempt has been made to use it as fuel. 

It is so largely water that it cannot be an economical fuel unless we 
can arrange to have it handled, compressed and dried by machinery, and 
make the peat itself do the work. If that can be arranged there are 
millions of tons awaiting development, for there are vast peat bogs in 
both peninsulas and a company has been formed to experiment. 

If wood is the father and water the mother of peat, coal is its child, 
and there has been no more important raw material than this. The coal 
basin of Michigan covers at least 7,000 square miles, and I have estimated 
that 8,000,000,000 tons await development, but it has been backward in 
developing and has lain dormant under a sheet of glacial deposits and a 
blanket of lake deposits while the fields further south and better exposed 
were opening up. 

As late as 1895, when I first visited Saginaw and urged the develop- 
ment of the coal deposits, there were but a few thousand tons produced 
in the whole State, which today is producing a million tons a year of 
frequently excellent bituminous coal. It has spread to Nebraska and the 
Dakotas, and is one of the factors to be reckoned with in the future 
development of every material in the State. 
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OIL AND GAS. 

Oil and gas we cannot count a Michigan resonrce. There is a small 
refinery at Port Huron, but thousands of dollars are spent almost every 
year in boring with no commercial results. We have several oil and gas- 
bearing strata underlying the State, — the Berea Grit, which is a famous 
Pennsylvania sand; the lower Devonian beds, which have yielded such 
rich results in western Ontario; the Trenton, which is the famous Ohio 
oil rock, — but the basin-like structure does not seem to be favorable to 
concentration into gushers. And yet I live in hopes that some day some 
subordinate pucker of value will be found.* 

IRON. 

Not only does man want power to do his work for him, but he wants 
tools to do it with, and that means iron, the framework of our whole 
industrial system. I do not need to tell you that Michigan is one of the 
greatest iron producers in the world, that the tonnage which pours 
through the canal at the "Soo," making it surpass the Suez of the old 
world, is largely iron ore. In 1900 3,457,522 tons from the Marquette 
range, 2,875,295 tons from the Gogebic range, 1,605,820 tons from the 
Vermillion range, 7,809,535 tons from the Mesabi range, besides 3,261,221 
from the Menominee range which does not go through that portal, or 
nearly 10,000,000 tons of iron, are produced in Michigan. 

These facts are familiar, but the course of the iron ore trade in the 
past 10 years illustrates some principles of wider application to raw 
materials, so that I will go into some detail. 

Early in the nineties iron ore from a new range appeared in the Cleve- 
land market, and caused consternation in the heart of Michigan ore pro- 
ducers. It was the Mesabi range of Minnesota. Here iron ore could be 
mined under conditions than which nothing better could be desired, 
except as to climate. It was 13 below zero when I visited the range in 
March, 1895. The ore bodies were soft so that they often could be scooped 
up with a steam shovel and put on to the cars directly. They were gen- 
erally quite flat, and covered with only a light covering of soil or uncon- 
solidated glacial deposits. Under such circumstances the cost of ore 
was hardly more than of railroad ballast, and the miners of Michigan, 
mining in hard ore bodies, mainly standing vertically and with the cream 
already from the top, hardly saw where they were coming out. (The iron 
ore of Michigan I may say comes from a process of leaching and is 
gathered in lenticular irregular pockets in the oldest stratified forma- 
tions of which we have any certain knowledge.) Indeed, as I was travel- 
ing in the rigors of a northern winter in the hard times of 1893, one- 
third only of the chimneys of Iron Mountain and Ishpeming were smok- 
ing. However, it was found gradually that the soft friable ores of the 
Mesabi needed some old range hard ore to make them work well in the 
furnace. Another thing had happened also. The hard times had taken 
the heart entirely out of the Duluth boomers, and left them an easy 
prey to the octopus. 

Some years before the spare dollars of some of the Standard Oil men 
had been invested on the Gogebic range. As usual in people who go 

* See article on prospects for oil and gas, below. 
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outside their businesH, in »oiiie fa«e» they got prett}' badly bitten, but 
they are stayers, and once in tliey did not let go, but added property until 
they had a strong interest in the Gogebic range, though how much they 
paid for it I do not know. 

Through their interest there they were led on to other iron ranges, 
especially the new Mesabi, and, to make a long story short, by 1895 it 
came to be recognized that there were two great interests in the Mesabi 
range, each of these controlling a railroad to the lake ports — the Duluti 
& Iron Range and the Duluth, Mesabi & Northern. Each of these inter- 
ests had properties on the other ranges which it would not pay them to 
let go to rack and ruin, and it was soon discovered that the two new 
Minnesota ranges, the Mesabi and Vermillion, were not destined to deal 
death and destruction to Michigan iron interests, for it was also dis- 
covered to their sorrow by the independent ore producers of these ranges 
that these two great interests did not care a nickel whether they made 
their profits in the railroad corporation or the mining corporation, and 
they accordingly fixed the rates for ore so that only just so much ore 
should be mined as suited them. If that left a very small margin of 
profit for outsiders, and it generally did, they were usually allowed to 
sell out when they got tired. 

A fight followed for new railroads, and for state regulation of the ore 
rates in the Minnesota legislature, which is outside the scope of my pai)er. 
It did not break the grasp of the larger interests on the situation materi- 
ally, and the next step in a great industrial evolution followed in the 
acquisition by the Rockefeller interests of an ore-carrying fleet. This 
brought all the work from the ore in the ground to the open ore market at 
iMeveland under one control. Up to this time the transportation of the 
ore had been a matter of bargain and sale, and close competition with 
widely fluctuating rates, depending not merely on the activity of the iron 
trade and the demand for iron ore, but also the movement of corn and 
wheat from Duluth, etc. But now from the mine to Cleveland came 
under one control. Simultaneously from the other end consolidation had 
gone or went on, rolling mill with blast furnace and steel plant and 
blast furnace with railroad, until the complete consolidation was only a 
question of time. This has just followed, and whereas we had seven 
independent interests and three open markets on the way from the raw 
material in the ground to the finished rail ready for the track, (towit: 

Miner, 

Railroad, 

Boat. 
Cleveland open market for ore — 

Railroad, 

Blast furnace. 
IMttsburg and Ohio market for pig iron — 

Rolling mill. 
Open market for rails — 

Railroad.) 

Now we liave but one — the United States Steel Company, or if, a« is 
commonly reported, the Pennsylvania railroad controls the Republic Steel 
17 
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Company, in that eaae the consonier owns praeticallj the raw material 
and there is no open market. I do not mean that these two eonoerns control 
the steel industries. There are a number of other plants, but more and 
more each interest in self-protection is found toown or control its own iron 
mines and intermediate links. It is easT to see the advantages of the sys- 
tem. The great corporation can take the ore more easily mined first. It does 
not feel the anxiety of the small private owner, that he shall see the 
reward of his piece of ore in his lifetime, that often gluts the market. 
Wliereas in the old days, the mines mined all they could to reduce 
expenses and production, and fought the ore carriers for low freights, 
and one year made lots of money and the next were in the hole, and the 
same thing was true of the blast furnace man in his field, now, given 
the amount of rails needed, the ore to be mined can be adjusted accord- 
ingly. In other words, the speculative element is eliminated from busi- 
ness and concentrated in Wall street fluctuations in prices of steel stocks. 
Moreover, the great corporation can afford to do what a small one can- 
not. It can, for instance, and does execute private geological surveys that 
put those of the State to shame. A small owner could not do that, — it 
would not pay him. It can study .and experiment on minor economies 
which may be worth while on account of the large scale of its operations 
as a private individual cannot. A very important item of saving in the 
Rockefeller system is the building of huge ore carriers of 5,000 tons and 
over. The fitting together of the various links is also better, until, as 
Dr. Hulst tells me, the ore is raised and handled but twice from the mine 
in the far north to the pig-iron of Pittsburg. Machinery and gravity 
do the rest. 

Sometimes it is said that but one profit is required instead of seven, but 
that depends upon whether the combination is capitalized at less than the 
units. 

XoWy I wish to call your particular attention to the difficulty of enter- 
ing into competition with such an anaconda of industries except along the 
whole line. 

Suppose I find and start an iron mine. What chance do I stand if the 
railroad belongs to my rivals? Even suppose that my mine is right by 
the lake, still I must trust to shipping and be dependent on the ship- 
owner for reasonable rates. — and then whither am I to ship it? I must 
find an independent ironmaster to smelt my iron and turn it into rails. 
And at the other end, if I want to go into the iron business, there is no use 
in erecting a blast furnace unless somebody at hand will buy my pig iron, 
or starting a rolling mill unless some one will use my iron plates. 
Moreover, I must be sure that I can get pig iron as reasonably as any one, 
and the blast furnace that makes the pig iron must be able to see its 
way clear to a supply of ore. And just here is the reason why Michigan, 
producing S,400.0iK) tons of iron ore, produces l«>:i712 tons tless than one- 
half per cent as muchi iron, and this charcoal iron for which our forests 
are furnishing the fuel at tremendous cost. For why should not iron 
be made in the State, say at Bay City? Coal is handy, the best of lime- 
stone is handy, the ore is nearer and a good deal of iron is used, and more 
will be, in shipbuilding, etc., boilers, etc., right in the district, and I know 
of capitalists who pine for the chants to put in the money. There is 
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just one reason. We are too late. A modern plant for the manufacture 
of iron and steel costs hundreds of thousands of dollars, and no people 
are going to put in their money unless they can be sure of suitable sup- 
plies of ores, and most of the available known ore is controlled by the 
United States Steel Company or other manufacturing plants. It must 
not be forgotten that with the growth of industries into large units the 
scrutiny of the quality of the raw materials becomes ever more severe. 
If you need a few sacks of cement for your cellar floor you do not test it, 
•for it would not pay, but depend upon the reputation of the brand, nor 
do you have your coal analyzed before placing your winter order, though 
very likely it might pay, but if you were to have a f 10,000 order of the one 
or the other you would not be wise if you did not. A difference of 1 or 2 
per cent in ash would pay for a gross of coal analyses. So, for instance, 
in iron the percentage of phosphorus is studied with the greatest care. 
If it runs over one-tenth of 1 per cent it ceases to be Bessemer ore suited 
for steel production and it makes a great difference in the price of the 
ore, and the hundredths of a per cent are watched with jealous care. 
Now, one great advantage of our better Michigan iron mines is their 
low per cent of phosphorus, though analyses are going on all the time, 
for even these minute percentages are not distributed at random, but 
show that their distribution is affected by a leaching action. This 
scrutiny is felt all over the line, and the strain upon the chemist and the 
economic geologist is ever greater. It is not merely where is iron ore, 
where is limestone, where is coal, but where is the biggest and the best 
(not over 2 i)er cent of impurities) and the handiest deposit. But the last 
factor, that of accessibility, becomes day by day less important as roads 
and railroads multiply, especially in this State, where, as we have said, 
every part is equally accessible to large operations. 

Before leaving the iron business let me say that while the consolidations 
which led up to the organization of the United States Steel Company 
seem to me to be distinct steps of progress in the orderly conduct of 
business, in such a combination, as in the combination of molecules in a 
crystal of alum, it is possible that a great deal of water is taken into the 
arrangement, and the heat of adversity is likely to drive off this water 
of consolidation, respectively crystallization, even if the whole arrange- 
ment does not deliquesce. 

COPPER. 

Leaving now iron, the sinew of Industry, we turn to copper, which 
furnishes her nerves. I'p to 1876 the ^lichigan mines often furnished 
nearly 90 per cent of the total output of the United States. Of late 
years, however, the growth of Michigan's output has not kept pace with 
that of the western, until now our production of about 150,000,000 pounds 
(155,845,786 in 1899, 144,227,340 in 1900) is but a quarter of that of the 
United States. Yet the copper of Michigan occupies a unique position 
in regard to its toughness and conductivity for electricity. It occurs 
associated with a series of very old, dark, heavy lavas, which we find 
around the edges of the Lake Superior basin and dipping toward it. 
One of the minerals of these lavas is known as chrysolite, which has 
been used as a gem, but although hard it is easily attacked by the 
weather. It generally contains small amounts of copper and nickel. Il 
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has almofit always been decomposed in these rocks, which are among the 
oldest sedimentaries known, so old that no trace of life has been found 
in them. The chrysolite has, I believe, lost its copper, which has been 
reduced and deposited from aqueous solution in the opener, more porous 
parts of the rocks, to wit: the upper parts of the lava flows, originally 
full of bubbles, known a^ amygdaloids, or sometimes in old gravel beds, 
known as conglomerates, or sometimes in fissures in the rocks. The two 
former classes of lodes run pjinillel with the formation, that is. in a 
general way, parallel to the lake shore. The last class runs frequently a1? 
right angles to the course of the formation, i. e., toward the lake. 

But not every conglomerate, amygdaloid or fissure bears copper, and 
no one conglomerate, amygdaloid or fissure bears copper equally every- 
where throughout its length. The law of distribution is very compli- 
cated, though it is safe to say that near the crossing of a fissure and an 
amygdaloid or conglomerate lode both are likely to be richer than else- 
where, for their interse<-tion will make a sort of trough to guide the 
waters which undoubtedly have collected and deposited the copper. If, 
as suggested, they are laid down by percolating waters, the circulation 
might be more active beneath high land which is close to low land, i. e., 
gaps in the range. 

In economic geology as in other things it is vastly easier to tell where 
a thing isn't than where it is, and the geologist could be of full as much 
service, if i)eople would let him, in saving them from crazy schemes of 
exploration, boring for coal around Detroit, for instance, as in telling 
them where to find things. Still, we can usually be of considerable assist- 
ance in finding a (*op})er-bearing lode. How rich it will prove remains 
for providence to determine; for instance, my friend and preile<»essor. Dr. 
Hubbard, now manager of the Copi>er Range Company, located the Baltic 
lode very readily on their property. I quote his account.* 

"On May 10, 181)8, immediately after the disappearance of snow, I 
began examination of the southeastern portion of the land held by the 
company under option from the St. Mary's Canal Mineral Land Company, 
where the beds of the Keweenaw copper- bearing series were known to 
outcrop, near what is supposed to he the line of contact l)etween the 
copper-bearing rocks and the eastern sandstone. On that day 1 found a 
conglomerate in the northeast (luarter of Sec. 31, T- J^-^, R. 34, which from 
its position, strike (about north 2(> degr(H»s), and dip (northwest about 
71 degrees) seemed likely to be the equivah^nt of a belt of conglomerate 
about 110 feet horizontally southeasterly of the amygdaloid bed mined 
by the lialtic Mining Company. On the following day I. found imme- 
diately under the conglonu»rate, a four-foot IkhI of amygdaloid that 
carries a good deal of coi)|H»r. 

"On May 14 a force of laborers, under charge of Capt. John Broan, 
began to uncover both beds, preliminary to trenching northwesterly 
across the series; and on the 17th, Capt. Broan, while examining with a 
pick the rot'ks toward the west, found copper in a bed about 190 feet 
from the conglomerate. Three trenches were dug across this bed, one of 
which, the so <*alled 'discovery piC near the present D shaft, found the 
*lode' to be 37 feet wide and richly impregnated with copi>er. 

**On May 23 trenchiug was begun in a valley about 1100 ftH»t south- 

• Report of company for 1SMH>. 
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we8terly of the discovery pit, and the lode was located there in June, 
and also at a point 1800 feet northeast of the discovery pit (about 100 
jmces southwestly of the present B shaft)/' 

It will be noticed that he worked ^rom its position relative to an easily 
recognized bed. I may remark that the supervisors of Houghton county 
in assessing land values took the strike at the Baltic property and got 
over a mile out at the same distance. 

The copi>er found in our Michigan mines is not usually any ore, but the 
pure metal, unalloyed, although a little silver is often intimately mixed. 
Now, just as in iron, a hundredth of a iH*r cent of phosphorus may make 
the difference between Bessemer and non-Bessemer ore; so it is with 
copi>er, but more so. A ten-thousandth i)art of a |)er cent admixture of 
arsenic will noticeably affect its power to transmit electricity. Thus, 
since our mines are not only the largest of the world, but can furnish 
the purest copi)er, it commands half a cent to a cent- more than the next 
grade electrolytic, that is a premium of 5 per cent for Lake copper over 
every other brand. While jiure copper is typical of the lake regions, 
near the surface carbonates and oxides are found, and rarely in fissures 
the sulphides and arsenides. I mentioned that nickel and cop[)er were 
generally found together in chrysolite. Ke<*ently for the first time in such 
a fissure (in the Mohawk mine) nickel has been found with the copper. 
It is not wonderful that it should be found. The queer thing is its 
absence hitherto.* 

It was not unnatural that the same interests so largely interested in 
iron should become interested in copper; in fact, they w^ere invited in — 
I may even say let in — in more senses than one, for I pi'esume I am not 
telling tales out of school in saying that the An-adian, Isle Royale and 
other so called Standard Oil properties are not the cream of the lake 
copper mines. But once let in they have a renmrkable capacity for 
staying until they now ccmtrol a good projwrtion of the Tnited States 
cop])er output and some important Michigan mines. It has been sup- 
posed that they are about to iv|K*at the story of the Mesabi range, but 
circumstances alter cases. lA*aving out of the questi(m the difficulty of 
getting control of a mine by any kind of stock market manipulation 
while its chief owners are dredging crinoids in tropic seas, or enjoying 
the sights of Europe, and have left no orders to sell, for this is not 
properly a matter of economic gtH)logy, we have to consider the following 
facts: 

The amount of copiK»r yn^r ton is not generally very great — II or 4 per 
cent in the (^alumet & Ilecla to 0.01 [>er cent in the Atlantic. The number 
and area of lodes containing copper, in percentage greater than that of 
the Atlantic at any rate, is probably very large, but (and this is duir- 
acteristic of Michigan generally, not only in copiK*r but also the iron 
and coal countries) there is a heavy mantle of drift which I'enders their 
discovery and exploitation difficult and expensive. The development of 
the mine and the conc^entration are expensive processes. The new mines 
that have amounted to anything have starte<l with a fund of from 
1200,000 to 1500,000 for exploration, and, if enough is found to warrant 
it, the erection of a stamp mill to crush the rock, and then by a sys- 

* TraDMacttons of Lake Superior Mining InHtltiit(>. Vol. VII. pp. C-J-64. 
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teinatic process of washing extract the copi>er, and of a permanent plant, 
can easily absorb |200,(H)0 to Jf500,()00 more. 

Thus there is no chance for a poor man or group of men to come into 
the cop|)er country and unaided make their fortunes as they can in the 
Yukon; and, on the other hand, the various mines have strong financial 
backing and cannot readily be coerced. They all own their stamp mills, 
as J have said. Smelting the concentrates is not an elaborate process, 
iind is performed right in the district. A number of the more powerful 
mines practically control their own smelters now. In fact, in the copper 
district not only are the copper ingots produced, but the copper wire ready 
for the electrician or trolley man, so that, >vith water transportation close 
at hand, it is not easy to compel men to come into a combination, and it 
is easy for capitalists to start another indei>endent mine. 

Thus there ai*e geological reasons in the mode of occurrence and loca- 
tion of the Michigan copper mines why it will be much harder for one 
interest to get the grip on the copper situation than upon the iron, since 
there is not the same economy in it, and competition will be much easier. 

SAXDSTONK. 

The copper-bearing series is inclined, but toward the upper part of the 
series the inclination becomes less and less as the younger rocks are 
less and less disturbed, and the formation passes without any great 
break into that of the J-ake Superior sandstone, whose beauty in the red 
and white cliflPs of the Pictured Rocks contrasted with green foliage of 
the matted cedars above and the blue waves beneath is so well known. 
But it also makes one of the most jileasing building stones, and the 
Portage redstone and Marquette brownstone are known throughout the 
territory tributary to the Great Lakes. In regard to the building stones, 
the eaise of the water transportation is a most important item, yet it 
must be confessed that in that res[)ect the State is far behind our neigh- 
bor state of Wisconsin and behind what we might ex|>ect. We have not 
a single granite quarry, though i)lenty of granite in the old Archean 
"negative pole" is not far from lake transportation. 

There are a few sandstone quarries hei*e and there in the Ix)wer 
Peninsula, and yet perhaps the most interesting are not far from build- 
ing stone at all. The Cleveland Stone Comi)any is working away at the 
Thumb-nair of lower Michigan, and making it into scythe and grind- 
stones. For this purpose a combination of qualities must exist in the 
sandstone. It must be fine giiiined and even gi*ained with a. firm, tough 
cement, and not so hard as to glaze, to hold together the angular grains 
of quartz and feldspar, which are so small that under the microscope we 
see that their tnlges are sharp, and that they have been floated along in 
the water rather than rolled into place and rounded. 

Down in the southeast corner of the State there is another sandstone, 
white as the driven snow and almost absolutely pui'e SiO„ which is an 
admirable material for glass manufacture, is also used in sanding jmint 
and mat«*hboxes, but not for sugar.f 

• Vol. VII. Part I. 
t Vol. VII. l»nrt II. 
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LIMESTONE. 

Just as building stone is but one of the uses of sandstone, so it is but 
the least of the uses of limestone. Few people realize the variety of 
uses of the limestone, with which this State is well provided. For build- 
ing stone, for macadam, for quicklime, for Portland cement, in making 
bromine, and in making from our own salt deposits the soda-ash which 
is the basis of our baking powders, washing powders, seidlitz powdera, to 
reduce our iron and copper ores, to line steel converters, and to clarify 
beet sugar syrup, limestone is used. 

Each one of these uses makes different demands. For macadam it 
must be tough; for Porthind cement it must be tender, and either argil- 
hK^eous itself or near chiy or shale as well as fuel; for converter linings 
it should be magnesian, but most of the chemical industries require it 
as pure as possible, protesting more or less if over a fiftieth part of 
impurities occur, and each industry has its own pet aversion among 
impurities. 

SALT. 

This list of industries in which limestone is an important raw material 
suggests an almost endless vista for consideration. Without touching 
on all, we cannot omit alkali manufacture. You know that salt manu- 
facture is one of the great industries, and one of the necessities of life, 
upon which oppressive governments fasten their taxes, for they know 
that people must pay. Eighty million barrels of salt has Michigan pro- 
duced, and is still producing at the rate of five million per year,* over a 
fourth of the product of the United States, and the ease of obtaining it 
and making it ready for the market is so great that no monopoly can 
exist that will raise the average price for more than a year over a tenth 
of a cent a pound. Think what it means to the packers of Chicago to 
have this storehouse of salt at their very doors! The salt is obtainiMi 
either from the evaporation of strong brines contained in four or five 
different sandstones, or from beds of rock salt many feet thick. The 
waters of the St. Clair and Detroit rivere are pumped down upon them 
to dissolve them, for there is no mining ^s yet. 

While we all realize the importance of salt, few realize the fact that 
soda is largely made from it, nor liow important soda is in the frame- 
work of modern society. The sodaash business is one of the foundation 
stones of chemical industries. Thus I have prophesied that Michigan 
will be the home of the chemical industries for the 3Iississippi valley. 

These same brines and salt beds which yield the salt and soda are not 
only fountains for the "healing of the nations," as at Mt- Clemens and 
St. Clair, but will yield potash and bromine, the manufacture of which 
latter source of soothing for Americanitis and base of best photograph 
pa[)er is controlled by Michigan. 

liy-products of the soda-ash business are calcium chloride and bleach- 
ing powder, and, though this latter has a number of uses in refrigerating 
and in making artificial stone, it i)iled up faster than they could dispose 

• »(J.003.5«4 through 1001. .'1.580.101 that yoar. iiof counting that which is used In making 
soda. 
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of it, SO the Michigan Alkali Co. at Wyandotte have taken to mixing it 
with the mud of Detroit river and making Portland cement of it. At 
Alpena Portland cement is made of limestone and shale. But, as you 
doubtless know, most of the factories of the State are making it out of 
the caU*areous mud at the bottom of our lakes and clay. 

Our limestone supplies are beginning to be a])preciated, but in clays 
and shales as in building stones we are behind out neighbors on the 
s<mth, though we have glazing clays, paving brick clays, clays suitable for 
Portland cement, and otliers whi<'h ai-e or will be the source of livelihood to 
many. Most of our surface clays, however, have too much lime for 
manv uses. 

<;oLi>. im:akls, diamonds. kt(\ 

It will b(» noticed that most of the things I have mentioned are what 
might be called common things and cheap things, and 1 might have gone 
i)n and discussed ihe ada]»tability of our soils for some of the crops for * 
which Michigan is famous, such as sugar beets, ])ep])ermint, celery and 
fruit. But I have said nothing about gold, tiiough a production of 
10:^2,444 in the last 13 years shows that it will become a settled industry, 
have barely mentioned silver, which is merely a by-product of cop|)er, 
have said nothing about pearls or diamonds, though once in a while a 
Unio yields a pearl, and an occasional diamond found in the gravel of 
Michigan or Wisconsin may perhaps have b(H*n derived from some of our 
Tapper Peninsula serpentines. I have not even mentioned chlorastrolite. 
peculiar to the bea<'hes of Isle Uoyale, for 1 have not tried to give an 
illustrated catalogue of produ<*ts, — time, my breath, and your patience 
would fail, — but rather to select for description certain raw nmterials 
whose occurren<'e, exploitation, and use illustrate certain principles 
applicable not m<»i*ely in Michigan but everywhere, which may be 
summed up thus: 

<M)xrLrsi<>x. 

The ultimate raw materials are a part of the earth's crust. Their value 
depends on the relative ease with which they nuiy Ih» turned into the 
finished pi-oduct, which in turn deiM^nds on their accessibility to other raw 
material and to nmrket. 

The modern tendency to consolidation takes plare: 

P^irst, by the union of similar and parallel plants into enormous estab- 
lishments. This results in the c(msum])ti<m of large amounts of raw 
material by individual owners, and this in turn justifies a scrutiny ever 
growing more st»verc to see that the raw material is the best both in 
quality and location. In spite of this, the tendency has ever been to use 
ore deposits, low«n' in grade, but wlume quantity and circumstances 
enable them to be handled cheaply in large <|uantiti(^ at a profit. 

Second, consolidation takes place by union of su<'cessive industrial 
links in the line from the ultimate raw material to the consumer. This 
tends to eliminate com|»etition by making it impossible to conijiete except 
all along the line. When the sources of any necessary raw nmterial ai-e 
controlled, competition in the whole industry becomes impossible. 

Finally, the raw materials of givatest value to the State and civiliza- 
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tion are not tlie rare and costly thinj^H, but those thin^^s eominon as dirt, 
whose value depends larj^ely upon their loeation mutually and relatively 
to their market, which are needful to sustain a varied and hence vigorous 
and intelligent industry. 



Of the various subjects mentioned above, the following have received 
especial study this year: 

A report on coal* is entirely in the hands of the printers and should 
certainly be issued before this annual report. It is based on the report 
printed in the first volume of the Michigan Miner, but a very slight 
inspection will show a large amount of new work and new material, 
especially as to the chemical quality of the different seams. 

A report on marl and the Portland cement industry will form Part III 
of Volume VIII. It contains Mr. David J. Hale's studies on the use of 
marl or bog-lime, Mr. C. A. Davis' studies on the origin of marl, and 
especially the important contribution that vegetation has made thereto, 
and the studies of Mr. B. Walker upon the species of shells that are 
found therein, and also a review of some of the economically important 
bog-lime deposits. It is hardly possible to make this exhaustive, for there 
are 5000 lakes and over in the State, and I should think one-third have 
more or less of these bog-lime deposits, which also occur in many marshes 
which are not connected at present with lakes. 

It will appear from this report how abundant marl or bog-lime is, 
though the full working thickness of the deposits is rarely as pure calcium 
carbonate as published analyses would indicate, how it usually lies in a 
shelf around the lake, and under the bordering marsh, or has filled 
in the lake completely, and how largely it is deposited by the lake weed 
of the genus Chara, and is of recent origin and now being dejwsited. 
Mr. Walker also finds but little sign of change of life in the marl. The 
following letter summarizes some of his results: 



Detroit, Michigan, Nov. *J5, 1001. 
A. r. I^ane. Esq., T^ansing. Michigan : 

My Dear Sir. — I enrlose my report on the moUuRks found in the seventeen lots of marl 
material received from yourself and I*rof. I>avl8 during the last two years. I have not 
Included the recent species of which several lots were received from Prof. Davis as this 
determination was not pertinent to the marl fauna particularly. I can send you a list of 
them if you desire. There is however nothing of special interest in them and the list of 
Saginaw valley shells which you made use of in your former report will include them all. 

Taken am a whole the fauna of the marl deposits does not differ from the present fauna of 
that portion of the State from which they come. Nor have I found In the specimens from 
any particular locality any special peculiarities which would indicate pe<*ullar local condi- 
tions of environment. Individual variations occur, more or less frequently, but no more than 
Is often found in similar collections of recent species. The inference is therefore that the 
marl fauna lived under substantially the same environmental conditions as the present fauna 
does, or at least not sufficiently different to produce any special or characteristic variations. 

The one species peculiar to the marl deposits of this State is PUidium contortum Prime. 
It was originally described from the post-plelocene formation at IMttsfleld. Mass. It occurs 
abundantly In the marl deposits both In Michigan and Maine. It has recently been found 
living in one lo<'ality In the latter state and it is quite possible that It may yet be found 
alive in this State. But so far as our present knowledge extends It Is extinct in Michigan. 
Why this one species out of the fifteen. Included In our list, to say nothing of the other 
genera represented in the marl, should have failed to survive, while all the others are still 
abundantly represented in our present fauna is very curious. I have been entirely unable 
to imagine any adequate explanation. 

• Vol. VIII, Part II. 

18 



138 BOARD OF GEOLOGICAL SURVEY. 

The characteristic feature of the marl fauna Is the great relative abundance of certain of 
the smaller species. This is especially noticeable in Planorhis parvus Say, Valvata tricarinata 
Say and Amnicola limoaa Say and lustrica Pill. The larger Planorhis bUsarinatus Say and 
oampanulatua Say occur in nearly every lot of material, but the number of individuals is 
comparatively small. PUidium both in the number of species and individuals is also a 
characteristic feature of the marl as it Is indeed of our present fauna. There Is probably no 
district in the United States in which this genus abounds to a greater extent, both in species 
and individuals than in the inland waters of this State. 

The terrestrial species represented in the marl are few both in number and Indlviduala. This 
Is what would naturally be expected as those that do occur are the occasional examples that 
have been waahed Into the water from the adjacent land. Such as have been found present 
no peculiarities as compared with recent specimens from the same region. 

The almost complete absence of the UnionidiB from the collections is also noticeable. 

The peculiar variations noted in Valvata tricarinata Say from Cement City are of consider- 
able interest. A similar tendency to unusual variation, although in another direction, has 
been noticed in the same species from a post-glacial deposit near Niles in this State 
(Nautilus XI, p. 121). In both instances however tne variation was not common to the whole 
colony but was limited to a very few individuals. It cannot therefore be attributed to any 
peculiar conditions in the environment, for in that case it would undoubtedly be more general 
In effect. 

Please do not forget to give Dr. V. SterkI the credit for identifying the Pupldae and PIsldla. 

Yours very truly, 
(Signed.) BRYANT WALKER. 
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LIMESTONES. 

■ 

Upon the uses of limestone we have already touched. A good deal of 
material as to their physical character will be found in previous reports, 
especially Part I of volume VII and Part III of volume I, by Dr. Carl 
Rominger. But it may be well to run over them briefly, particularly 
referring to their chemical character, which is of especial importance in 
their new uses, in sugar, soda and bromine manufacture, since these 
reports are out of print and scarce. 

I may say to begin with, that in using the term "limestone" for the 
heading of this article, I include not merely carbonate of lime, but lime- 
stone as we find it, a mixture mainly of carbonates either of lime or 
magnesia, and more or less iron, strontium, etc., with clay or sand, and 
the uses for which limestone serves as raw material vary greatly accord- 
ing to its composition. For instance, there is a very great demand for 
anything like pure carbonate of lime, and as soon as it gets near 98 per 
cent it can be used in the manufacture of calcium acetate in connection 
with charcoal kilns, the clarification of beet sugar syrup, and generation 
of carbon dioxide for soda water and for making soda carbonate out of 
soda chloride, as well as for burning lime or making Portland cement by 
admixture with clay. 

In the Midland process for the manufacture of bromine it is also used. 
As I understand it, chlorine water decomposes the bromine which is 
blown out by an air current and collected by quicklime. 

The demand rapidly drops. as the per cent of Ga GO, falls, and by the 
time it has sunk only 4 or 8 per cent, to 94 per cent of calcium carbonate, 
the chemical industries have ceased to demand it. It still may be burned 
into a hot lime which will stand much sand and it will serve very well 
for blast-furnace flux. Generally as the per cent of magnesia increases, 
the lime becomes milder and slower setting and quality jworer, until 
by and by, at about 20 per cent MgO, it ceases to slake, becomes 
hydraulic and becomes a dolomitic limestone which, if properly massive, 
makes a good building stone, but is not good for much else. Then as 
the per cent of magnesia increases it becomes a refractory material suit- 
able for basic furnace linings. Finally, pure magnesia carbonate comes 
into demand once again by chemical manufacturers to produce carbonic 
acid gas* and the salts of magnesia. This is but a rough outline sketch 
of the uses of one series of calcium and magnesium compounds, and the 
relative percentages of the various impurities which are tolerable vary 
according to the special use. I am told that not over 8 per cent of MgO is 
allowable in the manufacture of cement, whereas there is much greater 
latitude in percentages of alumina, silica and iron. 

^ The presence of lime when the stone Is dIssolTed In sulphuric add produces plaster of 
Paris and clogs the working. 
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For use in beet sugar the limestone should make a lime which is not 
lumpy, but slakes readily to a milk. The magnesium saccharate is more 
soluble and makes more ash in the sugar, and hence should be avoided. 

It will be of interest to take up the limestones of Michigan geologically 
and geographically, pointing out where they are conveniently accessible, 
what their composition is likely to be, and what uses have been or may 
be made of them. Their general distribution is indicated on the map 
given herewith. Plate IX. 

Beginning with the oldest rocks, we find down in the Archean,* asso- 
ciated with the iron-bearing or Huronian rocks, beds of dolomite which 
have been so hardened and re-crystallized that we may safely call them 
marble, a term which has been applied to many other of our limestones 
with less justification. The amount of the various carbonates contained 
probably varies, but they are generally truly dolomitic. One formation 
is known by the United States Geological Survey, around Marquette, as 
the Kona dolomite. Farther south they call it the Randville and Antoine 
dolomite. These beds have been used at times as a flux in iron smelting 
and might be used more if the reduction of iron ore were carried on very 
much in the Upper Peninsula, But they are extremely hard and their 
silicious character makes them rather unsuitable for use with ores 
which are already too silicious. Analysis No, 1, given by Rominger, is 
from one of them. Other analyses made for H. L. Smyth show a consider- 
able though variable percentage of carbonate of magnesia, from 16 i>er 
cent to 42 per cent and are given just below. 

Sometimes they present a handsome porphyroid appearance. I have 
seen large, deep red crystals sprinkled in a pink ground, which made a 
very handsome and attractive ornamental stone. I suspect, however, 
that there would be a good deal of jointing and waste. Crystals of 
tremolite also occur. These dolomites are not close to Ihe water and 
the rigor of the climate would have to be considered in planning to 
quarry them. 

Analyses of Randville dolomite by G. B. Richardson: 

I. II. III. 

Insoluble in HCl 2.0 9.7 29.1 

Fe, O, 1.2 2.1 2.2 

CaCO, 53.2 48.9 39.3 

MgCO, 42.3 38.0 27.7 

Total 98.7 98.7 . 98.3 

Analyses of dolomites from Michigamme mountain area by R. J. 
Forsyth : 

I. II. III. 

Residue insol. in HCl 14.25 9.34 

Al,(Fe,)0, 11.15 12.57 5.38 

CaCO, 47.18 45.98 36.60 

MgCO, 18.48 19.22 16.38 

We cite from Bulletin 168, a number of analyses and of them "A" of 
the series made in the United States Geological Survey laboratory may 
belong to the same formation. 

• I use Archean, as used by Dana its sponsor, to include all Precambrain rocks. 
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Analyses of Archean dolomites and kindred rocks, from the United 
States Geological Surrey laboratory: 

A. C. E. F. o. H. I. p. 

Si0« 3.07 7.00 3.16 28.86 46.47 46.01 36.73 42.37 

AlsOa 48 .08 1.29 .70 .83 .38 

FetOs 09 1.33 .93 l.Oi .86 1.85 .98 1.09 

FeO 86 Undet 15.18 37.37 28.67 26.07 34.81 31.41 

MnO 16 .19 1.16 .97 .40 2.00 .62 

CaO 29.72 50.08 26.66 .74 .49 .63 .48 .60 

MgO 19.96 .67 11.01 3.64 2.30 2.86 2.74 2.48 

Si?iKn7;;/.::::::::::::::::::::::::::::| •» •* •« •<« •«• '"1 i:2 :::::: 

PfOs 27 .08 Trace Trace .07 .01 

CX>« 46.31 39.68 41.10 25.21 19 24 17.72 22.44 21.80 

CI Trace Trace ? 

TlOt 20 .10 .12 .19 

A. Dolomite. Near Sunday lake, Gogebic district, Michigan. Analysis 
by W. F. Hillebrand, record No. 767. 

C. Limestone. Bed of Slate creek, Huron Bay slate quarries, Mich- 
igan. Analysis by T.M. Chatard, record No. 894. From laboratory 
records. 

E. Iron carbonate, from S. E. i^ Sec. 20, T. 47 N., R. 43 W., Michigan. 

F. Iron carbonate. South side of Sunday lake, Michigan. 

G. Iron carbonate. Palms mine, Gogebic district, Michigan. Analy- 
ses E, F, G by W. T. Hillebrand, records Nos. 769, 770, 771. 

H. Iron carbonate. Miner and Wells option, Sec. 13, T. 47 N., R. 46 W., 
Michigan. Analysis by T. M. Chatard, record No. 893. 

I. Iron carbonate. N. W. 14 Sec. 18, T. 47 N., R. 45 W., Michigan. 
Analysis bv Chatard, No. 895. 

P. Ferrodolomite. Marquette district, Michigan. Analysis by George 
Steiger, record No. 1473. 

Q. R. s. 

8lO» 26.97 26.67 .30 

Al«08 1.30 .12 1.18 

Fes Oa 2.31 .16 2.16 

FeO 39.77 39.77 

MnO •. 29 29 

CaO 66 66 

MgO : 1.94 .10 1.84 

Alkalies 09 09 

HsOatlOO* 10 

HsO above 100» 61 

P*0* 03 03 

COj 26.20 26.20 

Q. Ferrodolomite. Marquette district, Michigan. 

R. Portions of Q, insoluble by hydrochloric acid. 

S. Soluble portion of Q. Analyses of Q, R, S by George Steigner, 
record No. 1442. 

Associated with the iron ores in certain cases are ferrodolomites E, F, 
G, H, I and P, which Irving imagined to have been an early form of the 
iron ore. 

The Archean marbles are exploited by the North Michigan Marble 
Company in Dickinson county, on Sec. 26, T. 48 N., K. 28 W. The Com- 
missioner of Mineral Statistics reports as follows: '^Some of it is pure 
white, some variegated, shading from white to pink, green, gray and 
purple, making beautiful slabs for wainscoting and interior work. It is 
somewhat granitic in nature, sufficiently so that the tests given foreign 
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and New England marbles will not tarninh the highest |K>lish. It is 
susceptible of a polish almost equal to onyx. There is pressing demand 
for the stone beyond anything that they can supph', even the chips and 
small spalls being disposed of. One concern in (.'liicago has used several 
carloads of small chips. The price received is from $3 to f4 per ton for 
the rough rock that is produced in o})ening the quarry, and from f2.50 
to |5 per cubic foot for sound, square-channeled rock." 

Before leaving the subject of Archean marble, a word should be said 
garding the verde antique marble. This is really a decomposed product 
of peridotite and is strictly to be classed under the serpentines, 
although it frequently, as Rominger's analysis (2) shows, becomes a 
carbonate ' rock. The beauty of the serpentine and A-erde antique for 
interior finish needs no statement, and the Michigan outcrops prove to be 
quite as good as any. Mr. Julian N. Case of Ishpeming took the trouble 
to have a certain amount worked up, and I have heard it very highly 
praised by such architects as Mr. Patten of Patton & Fisher. The death 
of Mr. Case interfered with its exploitations and I do not know that it 
has yet been conmiercially developed. Serpentine occurs in a number of 
places mentioned in the 1892 rei>ort of the Michigan Geological Survey 
(p. 134). The principal area lies north of Marquette and Ishpeming, 
being exposed from Presque Isle to north of Ishpeming, beginning in 
the eastern port of Sec. 27, T. 48, R. 27, and extending in a southwesterly 
direction to Sec. 2, T. 47, R. 2S. It is also to be seen in T. 44 N., R. 32 W., 
and in Sees. 22 and 28, T. 42 N., R. 31 W. An analysis of such a dolomite 
serpentine product is given by Rominger (No. 2). 

The Kew(*enawan series contains some large veins of calcite, and asso- 
ciated with the copper are sometimes crystals of calcite as pure and clear 
as Iceland spar. I do not know of any vein, however, which could be an 
economic producer of lime in a large wa}'. 

It is not until we begin to get above the Potsdam sandstone toward 
the Trenton that we begin to get calcareous IkmIs again in a large way. 
The Calciferous strata may be taken as a group of beds which form a 
transition from the sandstone to the almost purely calcareous Trenton. 
Analyses seem to indicatef not over 54 i)er cent carbonate of lime and 
not less than 32 per cent nor more than 42 per cent of carbonate of 
magnesia. There is generally considerable sand. Analyses by Rominger 
(3 to 14) suggest that basic furnace linings might be obtained from the 
formation, and its outcrops along St. Mary's river would be readily 
accessible. It apiiears also to be a durable building stone and in some 
cases has a tendency to oolitic structure. 

It is well exposed and could be easily (juarried near Chatham, the 
Upt)er Peninsula agricultural experiment station. An analysis gave the 
chemist:* 

Insoluble sand (SIOs) 35 

CFeAl9)Oi 6 

CaCOa 82 

MgOOs 22 

DifTerence (water and organic) 6 

100. OO 

The ratio of lime to magnesia is similar to that in Rominger's analyses. 

• Bulletin 186. l>i»c., 11)00. 

t See page 70, part I. Vol. 3, Michigan Geological Survey Reports. 
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I see no reason why this would not make converter linings. 

The Trenton formation, generally speaking, is less silicious, and while 
in a general way there is a great deal of dolomite in it, not infrequently 
we find streaks which are a high grade of limestone like Rominger's 
analysis (20) from the Escanaba river. I have heard of even purer 
material. The Trenton forms the northwest shore of Green bay, where 
it could easily be obtained, as well as on St. Mary's river. 

The next group of beds, the Cincinnati and Hudson river group, are 
usually spoken of as shales or shaly limestone. As a matter of fact, 
however, the only part where they are shown in our State, where they 
run from the i)oint which splits the upper end of Green bay, they are 
quite calcareous, as shown by Rominger's analysis 24 as well as Keonig's 
tests below. 

For lime burning or for building, however, the beds are too argillaceous. 
There is a great deal of variation from bed to bed, and even along the 
beds. The argillaceous character of the beds suggests that they might 
be suitable for the manufacture of hydraulic cement. But the following 
series of tests ^hown me by Prof. G. A. Koenig of the Michigan College 
of Mines makes it probable that they are too irregular in composition 
for that purpose: 

ANALYSES, BLUFF OPPOSrTE GLADSTONE, MICH., OCTOBER 7, 1899. 



No. of sample. 


Per cent. Ca COj. 


Thickness 

of beds in 

Inches. 


1 


42.4 




2 


60.4 




3 


63.3 - 


90 


4 


62.8 






5 


48.0 


19 


6 


60.8 




7a 


67.3 


4 


7?;.::..::;::.:::::::::::::::::....:::::::::::: 


46.0 




8a 


49.6 


6 


8b 


49.6 




8c ". 


61.6 


R spotted. 
6 spotted. 
3 


9 


664 


10 


42.4 


11 


46.2 


6 


12a 


60.4 


10 


12b;;::;::""- ;.: : .- : 


43.2 




13 




44.0 


6 


14 


64.0 


8 


15a 


42.0 


13 


16b 


44.0 




Ifia 


42.0 




16b 


43.6 


30 


16c 


40.0 




i«m 


40.0 




17 


34.00 


7 


18 


36 


30 


18 


32 











Samples with the same number but a different letter are from the same 
level or horizon, but taken at different points. The residue is very largely 
Insoluble, argillaceous. 

The Niagara limestones are a very well defined belt and in their best 
estate, shown in Rominger's analysis (No. 30), fairly free from anything 
but carbonates. They are characteristically very light colored, and the 
drillers have often referred to them as snow-white marble. We know 
from the records that they lie beneath the whole State, but their outcrop 

19 
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is confined to the well marked ridge which separates Green bay from 
the rest of Lake Michigan and is frequently exposed clear to Drummond's 
Island. Some idea of their chemical character is given by Rominger's 
analyses Nos. 26 to 36, from which it will appear that usually they are 
dolomite, though analyses Nos. 30 and 31 indicate a limestone very low 
in magnesia, and he says that the white lenticular-like masses, between 
the beds of the Burnt Bluff section, are almost pure carbonate of lime. 
Other reports have come to me which show that there is doubtless quite 
high grade limestone in the series. 

On Sec. 16, T. 44 N., R. 7 E., on land belonging to Chase S. Osborn, 
is an interesting group of caves in this limestone, which here appears to 
be exceptionally free from magnesia. Perhaps this has something to do 
with the origin of the caves. I visited them August 3, 1901. As they 
are approached from I^ewis Station to the south there is little or no relief, 
occasional sandy rises in the midst of swamps, until not far from the 
southeast corner of the section the trail passes between some small 
sinks, which are the entrance to several hundred feet of cave, low and 
flat, in general not over two or three feet high, but with a channel six 
to eight feet deep cut in beautiful meanders which slightly increase the 
size of loop as they cut down, and are barely wide enough for a man to 
walk in them. 

The stream finally falls by a cascade into a larger and picturesque 
sink hole about 30 feet deep, in which no outlet could be found. It was 
probably concealed by broken rock. 

About one-third mile north and one-fourth mile west the trail passes 
over a couple of sinks, the one to the west being much larger and show- 
ing under the road a fine portal to a larger cave, which was, however, at 
the time of our visit much fuller of water, though from what I learned 
I judged that it may have been a temporary choking up. 

Continuing north the country soon drops off more rapidly. 

This limestone is said to be very pure and suitable for the manufacture 
of calcium carbide. There must be a considerable area, with little 
stripping and easily drained. 

The Niagara limestone is also extensively exposed and has been burned 
for lime along the D., S. S. & A. railroad, not far off, from about one-half 
mile north of Ozark at frequent intervals on hills rising up to 40 feet 
above the track, which passes through a limestone a little more than a 
mile southeast of Ozark. It is white irregular crystalline, with corals 
such as Favosites, Cystiphyllum and Monticulipora. 

Then again at Palms, and Jere. Taylor's, one-half mile east, were 
quarries. The kilns supplied the Newberry charcoal iron furnaces, and 
stopped when they stop})ed, but the lime is highly spoken of locally. 

The White Marble Lime Company of Manistique, Mich., is also making 
lime from the Niagara, and furnishes the following analysis: 

Unslacked lime. Limestone. 

SUiCR .• l.HO 1.80 

Iron and aluminum .90 

Lime 52.40 62.77 

Magnesia 44 . 65 4B . 76 

Balance 2.06 

100.00 100.02 
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The freedom from insoluble matter is noteworthy. There are, how- 
ever, eherty and silieious layers in the Niagara. 

The amount of iron and alumina is in general the lowest of any 
formation. The most constant impurity, probably, is a certain per cent 
of pure quartz sand, so pure that by itself it would make glass sand. 
The Niagara could be easily quarried at many points and readily handled 
by water. A curious bed of this limestone and all those below it is 
caught and held in a very sharp fold a few miles from the head of Kewee- 
naw bay on Sees. 13, 14, 23, 24, T. 51 N., R. 35 W., and a hill near by. 
The Niagara is characterized by many well defined fossils, of which the 
^^chain coral" is as familiar and easy to recognize as any. 

Above the beds of .the Niagara come the beds of the Salina and Lower 
Helderberg series or, as 1 have called them all, the Monroe beds. At 
several points of this series dolomites and dolomitic marls occur. Around 
St. Ignace the series appears, and on Mackinac Island also, but it has 
mainly been developed in the extreme southeast part of the State, where 
it has been carefully studied by Prof. W. H. Sherzer in the Monroe 
county report.* 

This region lies so close to the large cities of Detroit and Buffalo 
that it has been very extensively developed for building stone and for 
road matter, and to some extent for lime. The rock is in general silieious 
dolomite and seems to have more or less sand, and is sometimes marketed 
as sandstone, and indeed passes into it by degrees, as is shown by the 
following analyses from the Woolmith quarry, the third of which is dis- 
tinctively sandstone. Frequently large blocks have been quarried. 

Woolmith quarry analyses cited by Sherzer: 



silica 

Iron oxide and alumina. 

Magnesia carbonate 

Calcium carbonate 

Difference 



I 


II 


III 


4 f t.down. 


18 f t.down. 


24 ft. down 


6.19 


3.06 


97.78 


.46 


.31 


.66 


43.&3 


44.60 


1.43 


60.12 


62.72 


1.14 


.29 


.67 

» 


.88 



100.00 100 00 100.00 



other analyses of dolomite along the line of the Pere Marquette are, 
according to General Manager S. T. Crapo: 



u 



Silica and insoluble — 

Iron and alumina 

Carbonate of lime 

Carbonate of magnesia. 



2.33 


6.92 


.48 


.63 


56.03 


63.16 


42.17 


40.36 



100 00 100.00 



An analysis by J. D. Pennock of dolomite from a Raisinville quarry, 
claim 516, is as follows: 

Silica 8.46 

Iron oxide and alumina .20 

Calcium carbonate 61 .69 

Calcium sulphate .43 

Magnesium carbonate 46.01 

Dilference .78 



100.00 



^ Vol. VII, Part I. Analyses cited are on pp. 82, 88, 95. 
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The Monroe Stone Company have a quarry about two miles north of 
the city of Monroe which has given K. J. Sundstrom the following 
results: 

2 ft. down. 7 ft. down. 10 ft. down. 

SUica 

Iron oxide and alumina 

Calcium carbonate 

MRffnesium carbonate 

Diiference 



.70 


.98 


.68 


.01 


.22 


.31 


64.54 


64.47 


64.94 


42.76 


43.60 


42.84 



160.00 100.00 100.00 

An interesting feature of the dolomites of Monroe county is the pres- 
ence of considerable quantities of strontium, both the carbonate stron- 
tianite and the sulphate celestite. These are also found on the islands of 
Lake Erie. Aside from their value as a source for red fire, they could 
replace lime to great advantage in the manufacture of beet sugar. No 
analyses for strontium are known to me, so that 1 have assisted Mr. 
W. K. Wonders of the Agricultural College in collecting material for a 
thesis on this subject. 

The places in Monroe county where the dolomites of the Helderberg 
series are mainly worked are around Monroe (near which are a number 
of quarries), Brest, La Salle, near Samaria on the Ann Arbor line, and 
around and near Whiteford. The only one of these places where the 
industry is carried on on a large scale is Monroe, where there are lime 
kilns and rock crushers. The Monroe rock is a dolomite which shows 
by analysis for H. H. Dow by A. W. Smith: 

I. 

Calcium carbonate 64.47 

Insoluble 1 . 12 

Iron and alumina .16 ' 

MagneBlom carbonate 43.47 

It yields a limestone which slakes slowly, does not develop much heat, 
and cannot take much sand. From Monroe county in 1899 some 55,706 
tons were shipped. The usefulness of some beds is greatly impaired by a 
brecciated character. They are real limestone conglomerates. The brec- 
ciated and conglomerate character is even more conspicuous in the north- 
em part of the State around Mackinac Island, and renders much of the 
rock useless for any purpose. Roniinger's analyses 37 to 41 show that 
the rock here also is a typical dolomite. 

Next above these beds come beds which contain more calcium carbon- 
ate; in fact I have drawn the line between the Dundee and Monroe, so 
as to make it coincide with the division between the limestones of the 
upper Helderberg or Corniferous and the dolomite of the lower Helder- 
berg or Waterlime (Manlius). This difference in chemical character 
appears quite uniform throughout the State, as is shown by very numer- 
ous qualitative tests on drill borings as well as the quantitative analyses 
given. The purer Dundee limestones are one of the important horizons 
of the State, which I think will be even more developed in the future. 
The most extensive quarry is that of the Sibley Quarry Company of 
Detroit river, in the south part of Wayne county. 

All through this region we find this general distinction between the 
Dundee or Corniferous, running high in calcium carbonate, and lower 
Helderberg or Monroe beds, with low per cent. I may state that at 
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Monroe there is about 50 per cent of calcium carbonate, at Gibraltar and 
Grosse Isle 62 per cent, at Newport and Brest somewhat higher, about 
80 to 84 per cent, and at Amherstburg 92 per cent, while the Sibley 
quarry probably runs best of all with 94 to 98 per cent of calcium car- 
bonate. The 9-foot blue bed, it is said, can be so picked as to give 98 per 
cent, guaranteed at each shipment. Below are given some of the analyses 
from some of the beds of the Sibley Quarry Company. It will be noticed 
that not all are,high in calcium carbonates, but are useful for macadam, 
lime, building stone and other purposes, while the beds high in calcium 
carbonate are reserved for chemical purposes. 

The region along the Detroit river is very well suited for such indus- 
tries, for it is on the water, has ample railroad facilities, has the high 
grade limestone of the Sibley quarry, and by boring 800 or more feet 
down an indefinite supply of rock salt can be obtained. Some of the 
beds are of great thickness as is shown by the record of the well at 
Royal Oak, given in Vol. V of our reports, and records elsewhere printed 
in these reports. The only well of which we have an accurate record, 
which has passed clear through the salt, is that at Wyandotte, which 
is reported in the same volume and reached Trenton rock at 2610 feet. 
SuflQce it to say that from 800 to 1500 feet down there is a very large 
supply of rock salt. The use of carbonic oxide for the making of soda 
is so extensive that the calcium chloride becomes a product which is 
manufactured faster than it can be used. The Solvay Process people, 
who are manufacturing soda at the old exposition grounds, are using 
the chloride of calcium to make land and redeem a marsh, known as 
Zug Island, good property. Calcium chl9ride is used as the basis of a 
number of artificial stones. It is also employed in refrigeration, as 
calcium chloride can be circulated through pipes at a very low temper- 
ature with no danger of freezing. But this is not the only use for the 
Sibley limestone. Michigan has within two or three years leaped into 
prominence as a producer of beet sugar. It has just the right climate, 
many of the hard lake-clay soils with a light coating of sand on top, 
have just the right character for the growth of sugar beets. And there 
is a good German population who are not afraid to work and make good 
growers of the beets. Consequently we have a number of factories 
established at Kalamazoo, Rochester, Alma, Lansing and elsewherej 
which largely depend upon the Sibley quarry for their supply of calcium 
carbonate. 

The soda ash men, who originally planned to manufacture soda ash 
here, have probably got a better thing in their limestone quarry than in 
the manufacture of soda. The drillings here show clearly and sharply 
by the sudden rises in magnesia the line between the Dundee and Monroe 
(Corniferous and Waterlime), and the very best beds run over 98 per 
cent of lime. A section of the quarry will be as follows: 

A. 6-foot bed of limestone, thin layered, very fossiliferous and a high 
grade limestone. 

B. 7-foot bed, 2 to 11 inches thick, more coarsely crystalline, some- 
what pyritic, not so conspicuously fossiliferous. 

C. 2 feet limestone with much cystiphyllum. 

D. 5 feet limestone with a deposit of black carbonaceous material 
full of crinoids and brvozoa. 
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E. 6 feet limestone, almost solid mass of crinoid joints, bryozoa, 
corals, and brachiopods. IJetween D and E there is also a carbonaceous 
deposit. 

F. 14-inch bed, mainly of chert, which contains only 3' per cent or so of 
CaCO,. 

G. 6 feet limestone, light gray and full of crinoids, etc. 

H. 2-foot bed of chert about 30 inches thick, very friable, of a hard, 
ringing, impure matrix, when sent to the crushers. ; 

I. 9 feet pure limestone, supposed to be the best bed of the quarry 
and frequently runs over 98 i)er cent of calcium carbonate. 

J. 6-foot magnesian bed. It is magnesian only, however, in com- 
parison with I, for it is really a fairly pure limestone but not so pure as I. 

K. 8-foot bed of limestone full of the usual fossils. A thin bed as 
exposed and good for lime or building purposes. Prospect holes sunk 
from bed I show limestone for 83 feet and for 40 feet down calcium 
carbonate from 81 to 93 per cent, magnesia from 2i/2 to 16 per cent, and 
silica from 0.73 to 7.24 per cent. 

Below this we find a sudden drop in calcium carbonate, which 
runs from 54.27 to 70.54, while the magnesia carbonate runs from 23.49 
to 43 per cent. 

Analyses of limestone from the Sibley Quarry Company, K. J. Sund- 
strom, chemist : 



A «ft. topbed 

B 6 ft. gray and blue bed 

C 2 ft. blue bed 

D 6 ft. blue bed 

p 1 6 ft. blue bed upper 

G 6 ft. blue bed lower 

H 2 ft. flinty bed and all flint beds 

I 9 ft. blue bed 

J Magnesia bed 

K 8 ft. blue and gray bed 

10 ft. blue bed 

Flinty layer top of 8 ft. bed and top of 10 ft. bed. 

6 ft. lower bed 




FesOs- 
AlsOs- 


SiOa. 


DifF. 


0.34 


1.82 


1.67 


0.28 


1.92 


1.18 


Trace 


104 


1.10 


( < 


1.08 


1.22 


0.R8 


2.24 


0.73 


0.20 


2.66 


120 


3.46 


30.87 


0.87 


1.12 


0.64 


2.01 


0.74 


3.74 


0.94 


0.16 


1.62 


1.66 


1.86 


0.91 


1.13 


2.03 


43.76 


1.06 
0.72 







Rem. 
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Analysis of different beds in the Sibley quarry: 



Kiln bed : 6 ft. blue bed. 



CaCOs 94.404 

Mg COs *. 2.180 

AU Os Traces, 

81 0« 2.960 

Diff : 0.456 



Five foot upper bed, dried. 

CaCOa.. 
Me COs. 
AIsOx... 
Fes O3. . 
SiOs.... 



100.000 



91.15 

4.87 

2.90 
1.08 



100.000 



Bed No. 2 W. bank , 

Bed No. 1 W. bank.. , 

Lower 6 ft. bed west side.. . 
" " " south side. 
Middle bed building stone 
Very top bed 



Ca CDs. 


MgCOa 


AlsOs. 


sio«. 


89.7 


4.8 


2.85 


1.06 


86.79 


6.8 


2.60 


2.00 


80.36 


14.06 


2.71 


2.88 


81.95 


7.20 


6.60 


2.29 


83.87 


6.29 


6.82 


3.02 


78.68 


14.26 


4.75 


2.41 



Diff. 

1.69 
1.91 

1.96 
Dried 



Very much the same limestone beds as those of the Sibley quarry are 
exposed on Macon river and have been quite fully described by Rominger 
(analyses 46 to 47) and Sherzer, who quotes, p. 76, the following analyses, 
the first four by G. A. Kirschmeier, the two latter by K. J. Sundstrom: 



Calcium carbonate 

Magnesium carbonate. 

SlUca 

Iron 

Organic matter 

Difference 



Bed A. 


BedB. 


• 

BedC. 


90.809^ 


86.80<7f, 


77.60% 


6.87 


11.60 


17.41 


.48 


1.10 


2.78 


.16 


.12 


.66 


1.69 




1.63 


.00 


.38 


.02 



Bed D. 

95.00% 
3.86 
.81 
.41 

.08 



Calcium carbonate 98.10% 

Magnesium carbonate 63 

Silica. 



lea 

Iron oxide and alumina 

Sulphur 

Difference 



.70 



.066 
.616 



86.96% 

10.08 
1.86 
.62 
.123 



The drainage and transportation facilities of these quarries are not 
as good as at the Sibley quarry. 

When we pass to the northern part of the State we find indications of 
the same contrast of limestone and dolomite between the Dundee and 
Monroe (Corniferous and Waterlime). The Dundee or Corniferous 
extends from the Straits of Mackinac and the islands west of Presque Isle 
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north of Grand lake in Alpena county. But in this northern part a group 
of rocks not conspicuous in Wayne and Monroe counties are important — 
the Traverse group, full of fossils, of considerable economic value, corre- 
sponding more or less closely to the Hamilton and Marcellus (Erian) of 
New York. Mr. A. W. Grabau has recently begun to work them up in 
some detail for us and his preliminary report follows. 

We leave to him these limestones, and above there are no more lime- 
stones of commercial importance for quite a long distance. There are, 
to be sure, nodules of lime in the Devonian black shales* which are quite 
pure carbonates of lime, with some organic matter, and in the shales of 
the Carboniferous likewise, we find nodules and bands of carbonate 
that are in most cases mainly carbonates of iron. They have 
been used from time to time for iron manufacture, but it is very doubtful 
if there is anything commercial. When we get up higher to the beds 
in which the famous Grand Rapids gypsum beds occur, at the horizon of 
the Burlington and Keokuk of the Mississippi valley, we find limestone 
again. This time it appears very much like the cement rock of Mil- 
waukee and, although it has never been developed for this purpose, a 
fair quality of rock cement could doubtless be made from it. Portland 
cement will probably replace rock cement in this neighborhood, however. 
The most promising place to investigate this limestone would be 
in the neighborhood of the gypsum quarries of Grand Rapids and along 
Saginaw bay, in Iosco and Arenac counties,t in Huron county near 
Soule and Oak Point, and also in the valley of the Cass near Cass City. 

Above the Michigan series we come to a much more important lime- 
stone horizon, which has been extensively quarried at Grand Rapids and 
is now quarried at Bellevue, Bayport and Arenac county. It corre- 
sponds in part to the St. Louis limestone and the Maxville limestone of 
Ohio, and contains some layers which are nearly pure limestone. There ia 
some dolomite and other layers are more or less argillaceous, and it 
tends, however, to be rather silicjous and often pyritic. Some of the 
layers are very massive and hard, with practically no porosity, as shown 
by tests which 1 have made myself as well as by those made by Prof. 
Johnson. Below we give three analyses of the Bayport limestone, two 
of calcareous beds and one of dolomite, and among Rominger*s analyses 
(52, 53) will be found some analyses of the Bellevue quarry of limestone 
and dolomite. The Bellevue quarry is said to cover 300 acres and to 
run 90 per cent of lime. Over 200 men are employed in the quarrj' with 
two trains a day, and about 700 tons of rock are shipped to Wyandotte, 
for this quarry is owned by the Michigan Alkali Company (the Fords). 
The plant is said to have a capacity for crushing 2,000 tons daily. The 
main building is 44x08 feet, 50 feet to plate, with a power house 30x60 
feet. It has its* own electrical plant, owns 200 railroad cars of its own 
and ships about 25 carloads daily to Wyandotte. This stone is there 
used in the manufacture of soda ash, including baking powder. The 
soda ash is used in making plate glass. The supply is practically inex- 
haustible, or at least will give constant employment to a force as large 
as the present for a long time, it is said. The rook lies only about two 
feet below the surface and is from 10 to 20 feet thick. T'nderneath this 

• See KominKer'R analysis No. 50, below, also article by R. A. Daly In the Journal of 
Geology Vol. Vfll, No. 2, p. 137. 
t See Gregory's report. 



2.48 


14.50 


4.46 


20.86 




2.04 




.09 


.78 


.16 


.96 


.86 
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is a blue rock which, with the refuse from the limestone, is used for 
macadam pavement. It is said to be rather soft and very dusty for use 
on city streets. 

The limestone is also combined with mud from Detroit river and 
burned to make Portland cement. 

The largest quarry next to the Bellevue quarry, probably larger in fact, 
one certainly which has been worked vigorously for over a decade, is 
that at Bayport. The main quarry is on Sec. 5, T. 16 N., R. 10 E., but the 
limestone upon which it stands extends from section 22 to the lake 
shore and is also found on North Island of Wild Fowl bay, where a 
small quarry was opened some years ago. The Bayport stone seems to 
be, if anything, harder and more massive than at Bellevue. We find 
the range from limestones which have 90 per cent and over of carbonate 
of lime to those which are dolomite, as shown in the analyses below.. 

ANALYSES FROM THE BAYPORT QUARRY. 

I. II. III. 

Carbonate of lime 91.638 91.32 61.62 

Carbonate of magnesia .944 

Sand 3.330 

Clay : 

Phosphate of lime Traces 

Blsulphate of iron 1334 

Water 2.864 

100.00 100.00 100.00 

The crushing strength as determined at the Watertown arsenal was 
26,000 pounds per square inch, the weight 170 pounds per cubic foot 
and the specific gravity 2.72. I am inclined to think that there is gen- 
erally less sulphur than at the Bellevue quarry. The material has so far 
been mainly used for quicklime, macadam and building stone, and I see 
no reason why it should not make a good blast furnace material, and it 
must be remembered that it is onlv a few miles from coal mines. 

On the other side of the bay we have extensive exposures of limestone 
in Au Ores township, and thus northwest. There are a number of half- 
opened quarries on the line of the Detroit & Mackinac R. R., about three 
miles southeast of Omer.* Just south of Omer, near Arenac postoffice, 
an extension of this limestone gave the Dow Chemical Company the fol- 
lowing analysis: 

Calcium carbonate 94.8 

Magnesium *' 1.1 

Iron, alumina .9 

Insoluble 1.7 

Organic matter by difference 1.6 

100.0% 

It would seem quite possible that in this region the limestone 
quarry business might be largely developed since it is convenient to 
water and not very far from railroads nor from coal, sugar and alkali 
works. The same limestone occurs in the neighborhood of Grand Rap- 
ids, and in fact the ledge makes the rapids from which the city takes 
its name. The beds have been worked for building stone both on the 
river and at other points. Many of the older quarries are built over so 

• More fully described already by X. M. Gregory, pp. 12-18. Mr. Griffin's quarry Is the most 
extensively opened. 

20 
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as not to be accessible. As usual a certain amount of sulphide of iron 
is found. Some of the older quarries are on Davis street, Taylor street 
and Myrtle street.* Three or four miles south, the limestone is near 
the surface and contains about 93 per cent of calcium carbonate. 

The limestones above this in the coal measures are little known. 
There are not infrequently bands and nodules of carbonate of iron, but 
nothing of commercial value has been developed. In fact no practical 
investigations have ever been made, but if the manufacture of iron were 
once fairly undertaken in the Saginaw valley, which would be an excel- 
lent place for it, I think some attention might be given to these black 
band ores. 

Beside the limestone already described there is one very important 
form of lime which is generally and rather improperly called marl. The 
marl of Michigan, which has been eagerly sought for in the manufacture 
of Portland cement, has more properly been called "bog lime," and might 
well be called lake lime. It is not at all what is ordinarily known as 
marl, for there is very little clay in it, and in fact the quality that is 
sought has practically no clay, but it is a nearly pure carbonate of lime 
found in the shape of an ooze at the bottom of a great many Michigan 
lakes. It is nearly white, sticky and slimy, and in that respect differs 
from calcareous tufa but is quite as pure as tufa. There is usually a 
small amount of silica, introduced by diatoms or as sand, and a smaller 
amount of insoluble iron and alumina. There is alwavs considerable 
organic matter which may be combined directly with the lime. The 
amount of magnesia varies. The following analysis by Lathbury and 
Spackman fairly represents the composition of the marl after the water 
and organic matter are driven off: 

Carbonate of lime 95.00 

M 4» magnesia 1.00 

Silica Tr 10 

Iron and alumina .32 

Sulphuric acid .52 

The analyses of marl are rather hard to compare on account of the 
uncertain amount of water and organic matter which will appear in the 
samples and the different way in which they are treated by different 
chemists. A certain amount of organic matter appears to be inherent 
to the marl, and indeed combined with the lime, but another part may 
be introduced from the layer of peat and muck overlying in the process 
of taking the sample. The main use of this marl has been in the manu- 
facture of Portland cement, an industry now well established in Mich- 
igan which indeed bids fair to be overdone in time. Deposits of marl 
are very abundant and many of them very extensive and of good quality. 
It looks as though those plants would survive in the long run which are 
well situated in regard to market and a suitable coal as well as a marl, 
and are properly managed. The coal for the manufacture of Portland 
cement should be of uniform quality and as free as possible from sulphur, 
and few if any of the surface coals fulfil this condition. 

The following groups of marl analyses are furnished by W. M. Courtis, 
M. E., of Detroit. Many more will be found in Mr. Hale's report on marl: 

♦ See pp. 62 and 65 of the First Report of the Mlohlgau Acad, of Science. C. A. Whittemore. 
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MARLS.— FROM LAKE SHORE W£ST OF ORAND RAPIDS. 
<The sample loses 6.376 per cent of water and yolatile hydrocarbon when dried at 100 C.) 

THE DBIKD MARL CONTAINS: 

Organic matter 0.790 per cent. 

Combined water less org. matter as above 0.236 

Silica (no sand) 2.628 

Tricalcic phosphate 0.160 

Chlorine as sonum chloride 0.119 

Alamina and a little iron 0.432 

Carbonate of magnesia 1.260 

Carbonate of lime to balance 94.496 

Sulphar ; none 



100.000 



FROM ALPENA COUNTY, MICHIGAN. 



Carb. of lime 

i. t( magnesia. 
Silica 



Alumina 

Ferric oxide 

Sulphuric acid.. 
Organic matter. 
Water 



































Per cent. 




74.48 




0.60 




7.20 




0.64 




2.36 




0.89 




12.88 




1.26 



100.00* 
NEAR GRAYLING, MICHIGAN.* 

(Average sample.) 

Water lost at 100 degrees 61. 

Dried marl 49. 

Per cent. 



Moisture 

Organic matter — 
Insoluble silica.... 

Soluble silica 

Ferric oxide 

Alumina 

Calcium carbonate. 
Magnesium ** 
Sulphuric acid 



(Same sample figured without the organic matter is :) 



0.60 
9.80 
0.78 
0.13 
1.13 
0.07 
87.00 
0.91 
0.27 



100.69 
Per cent. 



Calcium carb 

Smca 

Ferric oxide 

Alumina 

Magnesium carb. 
Sulphuric acid... 



97.00 
1.01 
1.26 
0.06 
1.01 
0.30 



CASS CITY, MICHIGAN. 



Lime carb 

Magnesia 

Iron and alumina 

Silica 

Phosphoric acid . 
Sulphuric acid... 
Organic matter 



100.66 



82.1420 
4.A200 
0.9776 
1.1610 
0.0370 
none 

11.1730 



Loss on ignition 16.2700 



CASS CITY. MICHIGAN. 

Lime 89.966 

Magnesia 1 .672 

Iron 0.999 

Alumina 0.168 

Silica 1 . 222 

Phosphoric acid • } ibs. to the ton. 

Sulphuric acid : none 

Organic matter 6.984 

Loss on ignition 9.760 



* Another analysis of marl from Grayling is given in the Agricultural College Bulletin, 
No. 99, p. 11. 
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ANALYSES BY C. ROMINGEB. 







Carbonate 

of 

lime— 

Per cent. 


Carbonate 

of 

magnesia— 

Per cent. 


Iron, 

Alumina 

Hydrate— 

Per cent. 


Residue 
—Per cent.. 


Archean dolomite. Vol. I. naxe 101 


1 


61 


34 


1 


0.25> 


Secondary. Vol. I. Daare 92 


2 


66 


35 


6 


5 




3 


47 


38 


3 


12 




4 


64 


42 


1 


2 




6 


42 


33.6 


1 


23 




6 


46 


85 


2 


18 




7 


60 


33 


2 


14 


Calcif eroas, Vol. I, page 79 h 


8 
9 


49 

47 


32 
37 


2.6 
0.8 


15 
15 




10 


47 


36 


2 


15 




11 


42 


34 


0.7 


23 




12 


62 


40 


2 


6 




13 


49 


40 


6 


6 


te 


14 


63 


39 


4 


•3.7 


» 


15 


62 


38.5 


3 


5.5 




16 


88 


4 


1 


6.4 




17 


66.8 


21 


2.4 


20.8 




18 


90 


3 


1 


4.6 


Trenton, Vol. I, page 78 < 


19 


92 


2 


1 


6 




20 


51 


38 


2.6 


7 




21 


89 


2 


1.6 


8 




22 


82 


3 


1.6 


13 


^ 


23 


47.3 


2.6 


1.6 


48.6 


Cincinnati. Vol. I. Dacre 78 


24 


36 


18 


4 


42 




26 


66 


40 


1 


1.5- 




26 


66 


43 


traces 


1 




27 


62 


33 


2 


3 




28 


64 


39 


4* 


2 


1 


29 


68 


32 


2 


^ 


Niagara, Vol. I, page 48 A. 


30 
31 


96 
94 


1 
2 


2 

1 


2 
2 




32 


62 


36 


2 


9 


m 


33 


62 


38 


3 


6 




34 


60 


32 


1 


3 




36 


60 


38 


1 


1 


k„ 


36 


66.6 


39 


1 


2.5 


Salina, Vol. I, page 31 J 


37 
38 


63 
41 


44 

22 


1 
7 


2 
30 



* Almost all alumina. 



ANNUAL REPORT FOR 1901. 



157 



ANALYSES BT C. BOMINGER — ^Ooncluded. 



f Vol. I, page 29. 
Vol. I, page 29. 



Monroe or Waterllme. . . « 

Vol. Ill, page 28... 

Vol. Ill, page 28... 

^Vol. Ill, page 36... 

^VoI.I, page29 

;Dundee or CornIferous..< ; Vol. Ill, page 26. . . 

^ Vol. Ill, page 27. . . 

I Vol. Ill, pagiB 69. . . 
Vol. Ill, page 60. . . 

Antrim (Genesee^ Vol. Itl, page 66 

Vol. in, page 109.. 



Michigan. 



Vol. Ill, page 113. . 
Vol. Ill, page 113 i. 
Vol. Ill, page 116. . 
Vol. Ill, page 116. . 
LVol. Ill, page 117.. 



39 
40 
41 
42 
43 
44 
46 

46 

• 

47 
48 
49 
60 
61 
61 
63 
64 
66 
66 



Carbonate 

of 

lime— 

Per cent. 



46 

66 

61 

64 

46 

69 

68 

87.6 

84 

68 

66 

89 

48 

96 

66 

63.7 

94 

96.9 



Carbonate 

of 

magnesia— 

Per cent. 



Iron, 

Alumina 

Hydrate— 

Per cent. 



14 
41 
87 
42 



39 

22 

101 

13 

38 

39 

2 
27 

1.0 
23 
11.4 

1 

1 



10 

4 



0.4 
1.6 
2.8 



Residue 
—Per cent. 



4 

0.6 
6.6 
18.4 
1 
0.7 



30 



4 
64 



8 
2 

2.2 
0.6 
0.4 
7.6 
18 
1.5 
9.0 
2.9 
4 
1.4 



LOCATION OF SPECIMENS. 

1. Specimen of Archean dolomite from Sturgeon river, near the Breen, 

mine, of flesh color and free from silicious seams. 

2. Specimen of the more compact kind of dolomite formed from decom- 

posed peridotite, of flesh-red color. 

3. Dolomites forming the top stratum of Sulphur Island. 

4. Calciferous formations, Grand Rapids of Menominee river, lowest 

strata above the sand rock of oolitic structure. 

5. Variegated limestone, stratum No. 3 of the Grand Rapids section. 

6. Upper strata at Grand Rapids of Menominee river. 

7. Arenaceous limestone, with Lingula antiqua, from Escanaba river. 

8. Lowest brecciated limestone, near the forks of the Escanaba river. 

9. Dolomite from the forks of the Escanaba river. 

10. Falls of Au Train river, calciferous sand rock. 

11. Mud lake, three miles south of Au Train river falls, calciferous 

sand rock. 

12. West Anebish Rapids, calciferous dolomite. 

13. Calciferous strata on top of the ravine near Munising furnace, 

Grand Island bay. 

14. Calciferous strata from coaling station No. 3 of Munising furnace, 

pure dolomite stratum. 
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15. Dolomites forming the upper beds of the Trenton group, at the 

mouth of the Escanaba river. 

16. Wedge-shaped limestone of the Escanaba river, next following the 

former dolomites. 

17. Fossiliferous, shaly and arenaceous limestone, next below the 

wedge-shaped limestone of the Escanaba river. 

18. Limestone containing Orthoceras proteiforme of the Escanaba river. 

19. Lowest beds of the Trenton group on the Escanaba river, containing 

Cyrtodonta. 

20. Dolomite of the Trenton group on Whitefish river, two miles above 

the saw mill. 

21. Upper limestone of Encampment b'Ours, with Orthoceras protei- 

forme. 

22. Blue limestone with smooth conchoidal fractures, forming the 

middle strata of the Trenton group on St. Joseph's Island. 

23. Lowest sandy beds on St. Josephs, containing Cyrtodonta shells. 

24. Argillaceous limestone from the Hudson river group of Bay de 

Noquette. 

25. White crystalline dolomite from the middle division of the Niagara 

group from the Lake Huron shore, one mile east of Pine river. 
This is typical Guelph dolomite. 

26. Light gray colored dolomite from the middle division at Point Detour 

on St. Mary's river. 

27. Dolomite forming the top stratum at Marblehead, Drummond*B 

Island. 

28. Upper part of Marblehead quarry of laminated structure with 

absorbent earthy structure. 

29. Lower beds of Marblehead quarry, Drummond Island. 

30. Limestone from the section of Marblehead with acicular cavities 

(vide description below). 

31. Limestone from the Marblehead section, 30 feet below the acicular 

limestone, described as nodular bituminous limestone containing 
fossils. 

32. Lowest beds in the Marblehead section. 

33. Loose slab on the west side of Sitgreaves' bay, immediately above 

the Hudson river group strata, Drummond's Island. 

34. Quarry Point on the west side of Drummond's Island, quarry stone 

of laminated structure. 

35. Sole bed of the same quarry of more crystalline structure than 

specimen No. 10. 

36. Lowest strata of Burnt Blufif of Big Bay de Noquette. The white 

marble-like masses embedded between them are almost chemically 
pure Ca CO3. 

37. Dolomite in the bed of Carp river. 

38. Variegated marl of St. Martin's Island. 

39. Dolomite from gypsum quarries of Point aux Chines. 

40. Exposure on the east side of Mackinac, close to water level. 

41. Oolitic dolomite from Plum creek. 

42. Compact dolomite rock mottled with light and dark blue cloudy 

si>ecks. Sec. 16, Ida township, Monroe county. 

43. Calcareous sandstone, same quarry two miles west of Ida. 
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44. Dolomite with acicnlar crystals. 

45. Blanchart's farm, Mackinaw. 

46. Principal quarry stone of the Helderberg group, Macon river, Chris- 

tiancy quarry. 

47. Better quarry stone of the Helderberg group, Macon river, ^Chris- 

tiancy quarries. 

48. Khagashewung Point dolomite. 

49. Norwood dolomite. 

50. Concretions of granular limestone structure, from the shales of 

Norwood. 

51. Non-fossiliferous portions of rock at the Grandville quarries. 

52. Bellevue limestone. 

53. Brown dolomite rock of the Bellevue quarries. 

54. Brown cellulose dolomite rock, a short distance northeast of Parma 

village. 

55. On Mr. Shoemaker's land, in Summit township, three miles south of 

Jackson. 

56. Limestone of Portage river. . 
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STRATIGRAPHY OF THE TRAVERSE GROUP OF MICHIGAN. 



BY AMADEUS \V. GKABAr. 



INTRODUCTORY. 



The field work on which the followinjc account of the Traverse j^roup 
of Michigan is hased, was done in the hile summer of 11)00 and duriuj; 
a part of the field season of 1001. Ten days were spt^nt in 1000 in the 
Alpena region in company with Mr. W. F. Cooper of the Michigan 
Geological Survey, aild four weeks in 1001 (July 20 to August 21) in 
the Alpena and Petoskey regions in company with Mr. H. W. Shinier, 
assistant in Paheontology in Columbia University, New York city. The 
field investigations during the first season were carrit^d on under the 
auspices of the Geological Survey of Michigan and with the cooperation 
of the State Geologist, Dr. A. C Lane; those of the second season, under 
the same auspices, with additional cooperation of the Geological Depart- 
ment of Columbia University, this department defraying Mr. Shimer's 
field expenses. Tiie work in the Alpena region during both field seasons 
was greatly facilitated by the active interest of several prominent Alpena 
(*itizens. Foremost among these is Mr. W. H. elohnson, who almost daily 
assistCHl us in our work, and whose intimate knowledge of the region 
enabled him to either jiersonally conduct us, or direct us to the important 
outcrops of fossiliferous beds. It is but fitting that we should express 
i»ur })ersonaI tluinks to Mr. Johnson, for the nuvny c^ourtesies he showed 
us, in addition to calling attention to the efficient manner in which he 
has aided the prosecution of the work carried on for the State. Mr. 
Monaghan of the Alj)ena Portland Cement Company and Messrs. F. M. 
Ilaldeman, HUi>erintendent, and L. H. Ludlow, chemist, of the (*ement com- 
pany, also put us under obligation by furnishing ns with analyses of the 
various limestones and clays. Mr. Ludlow's lively intei-est in our investi- 
gations, and his constant readiness to aid us, is one of the pleasant re<-ol- 
lections of our field exj)eriences. Capt. John D. Persons of the Thunder 
Bay Island life saving dejiartment showed us numerous courtesies during 
our examination of that and the neighl)oring Sugar Island, during which 
time we wei-e his guests. To all these gentlemen our sincei-e thanks ai-e 
herewith tendered. 

PRKVIOrS WORK. 

The work of only a few investigators in this region need be i\oUh\ in 
this conne<»tion.* In his report of 18()0, Professor Alexander Winchell 

* In 1823 Dr. J. J. Blip«by read not en on the (teograpby and CteoIoKy of I^ke Huron befon* 
the Tendon Geological Society, In which the Presqiie Isle and Middle Island limestone Ik 
described, p. 201, as well as that about Mackinac, p. 194, and those on the north side of the 
lake. 
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devoted three pages to the Hamilton group of Michigan. In 1866 he 
issued his report on the Grand Traverse region, in which he devoted less 
than ten pages to the Hamilton group. On the accompanying map he 
gives eight localities where typical exposures may be seen. Frequent 
reference to this report will be made in the discussion of the Petoskey 
region. Later, in the same year, appeared an appendix to the report on 
the Grand Ti-averse region, by the same author. In this pamphlet of 
fifteen pages he gives a correlation of the various beds described previ- 
ously, and a table showing the vertical distribution of the various species. 
He furthermore gives brief descriptions without illustrations of sixty- 
two species of fossils not before recognized. The illustrations prepared 
to accompany this report were never published. 

In 1875, Professor N. 11. Winchell* published a brief account of the 
region of Cheboygan and Old Mackinac. He gives a succession of the 
beds of this region, with incidental mention of the Alpena region. In 
1876 (Proc. Am. Ass. Adv. Sci., II, 57-59) the same author gave a brief 
account of the parallelism of Devonian outcrops .in Michigan and Ohio. 
In both these papers the Dundee and Lower Traverse beds were referred 
to the waterlime, on account of the lithologic similarity. 

In the Keport on the Geology of the Lower Peninsula of Michigan, Dr. 
Carl Rominger^ gives the most complete account of the Hamilton or 
Traverse group of Michigan theretofore published. Twenty-six pages of 
the report are devoted to the Hamilton group, all the most important 
outcrops on both sides of the Peninsula being described. Notes are also 
given on prominent intermediate localities. In the second part of the 
volume, which is devoted to the description of fossil corals, Rominger 
des(!ribes a large number of species, many of them new, from the Traverse 
beds of Michigan. 

Dr. Lane, in 1895 (Geol. Surv. Mich., Vol. 5, pt. II, the Geology of 
Lower Michigan with Reference to Deep Borings, p. 24), gives a brief 
account of the Traverse group, in which he proposes to change the name 
Little Traverse, em])loytMl by Winchell, to Traverse group. The numerous 
sections given at tlie end of the volume give the thickness and relative 
position below the surface of these beds in various parts of the State. 
A brief record of the Churchill well in Alpena was published by Lane 
in 1899.* 

My own studies of this region began in 1900, when I made a brief 
examination of the Alpena region, the result of which is embodied in a 
report published in the American Geologist, Vol. 28, pp. 177-189, for 
September, 1901, under the title of *^\ Preliminary Geologic Section in 
Alpena and Presque Isle Counties, Michigan." The second season's work 
consisted in examining certain of the 19 localities of 1900 and of the 
study of 32 additional ones, making a total of 51. While a considerable 
number of localities still remain unexamined, it is nevertheless believed 
that enough has been done to permit of a preliminary analysis of the 
Traverse group of Michigan. The complete analysis must, of course, be 
preceded by a careful study of additional localities and of the fossils 

— ■ - 

» Twelfth Annual Report of the State Board of Agriculture, Mich., for 1873, pp. 103-107. 
The report is dated 1871. 

»1870. Geol. Surv. Mich.. Vol. 3. 

* Engineering and Mining Journal, Nov. 4, 1890, p. 54^ after a visit the previous winter, 
in which I visited the quarries and collected some of the records herein contained. See also 
my U. S. (}. S. water supply papers Nos. 30 and 31. — L. 
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collected, a work which will require some considerable time. The list 
of species given in this report for the various beds jn each locality 
include only the common or more readily recognized types. In general 
these may be considered the type fossils of the beds described, although 
it will be observed that many of these species have a wide vertical range. 
The preparation of an exhaustive report on the IViheontology of the 
Traverse group of Michigan has been begun, and it is hoped that the 
vertical range of at least the majority of species may be determined. 
The conclusions herein given, in so far as they depend upon paheontologic 
research, must be considered as tentative and subject to modification, 
should the final studies of the fauna demand it. 



DESCRIPTION OF LOCALITIES. 

.1. Alpena (Thtmder Bay to Picsque Isle) Region. 

During the first season's field work a north and south section was 
prepare<l extending northward from Alpena'. An account of this was 
. published with brief descriptions of 19 localities along the section,"' and 
this account, together with additional notes, is here included. 

As no topographical map was available, the profile of the country 
along the section had to be prepared in the field, at the time the geological 
data were collected. Distances were measured by means of a cyclometer 
attached to the bicycle, which was the only conveyance employed in 
the field. To eliminate errors due to unevennc^ss of the country and to 
other causes, the cyclometer readings were checkinl by special readings 
on the section lines. Elevations were obtained by reading the aneroid 
barometer at all the stations, as often as these j$tations were passed, and 
correcting these readings by the barograph record obtained from a sta- 
tionary instrument at Alpena. Owing to the length of the section, the 
barograph corrections did not always prove satisfactory, especially as 
several severe atmospheric disturbances affected the aneroid in the 
northern part of the section, which were felt to a less degree at Alpena, 
where their record was obtained by the barograph. 

LOCATION AND EXTKNT OF TIIK SKCTIOX. 

The section is located in Alpena and I'resque Isle counties, Michig»n. 
It runs north from the city of Alpena along the meridian of H:r 25' 
longitude west of Greenwich, and forms the western boundary of the 
eastern third of range 8 E. It extends through the whole of township 
•^2 and 33 north and parts of townships 31 and 34 north. The total 
length of the section is nearly eighteen miles, but the distance covered in 
its preparation was nearly double that. 

The section is interrupted near the middle by I^)ng lake, and it passes 
by the eastern end of Grand lake. It strikes the shore of I>ake Huron 
about four miles southeast of I'resque Isle light. About one half of the 
line of the section is along a north-south road. 

* Loc. rit. for these locaUtles consult the map PI. VII. 
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TOPOGRAPHY OF THE SKCTION. 

In the followjnp: table the distances between stations as calculated 
from the cyclometer re.adings are given. The elevations given are cal; 
cuhited from the aneroid readings and corrected by the barograph read- 
ings. The resulting elevations are those of the various stations above the 
mean level of Lake Huron, which is taken as 580 feet above the sea. 



station, number and location. 



1 . Thunder Bay 

2. Round House 

3 Sec. 16, N. E. Cor 

4 ■ Sec. 10, E. line base of terrace 

5. Sec. line top of terrace 

C. Sec. 10, N. E. Cor 

7 . Sec. 3, E. line, base of terrace 

K. Section line top of terrace ^ 

0. Sec. 3, end road running west 

9a . OfTset on same, top of terrace 

10. Sec. 3, K. line, base of terrace 

11 . Section line top of terrace 

12. Sec. 3, E. line top terrace 

13. Sec. 3, N. E. corner, road running^ west. 

14. Sec. 34. E. line 

15. Sec. 35, W. line 

16. Sec. 34, N. E. corner 

17. Sec. 27, E. line top of terrace 

17a. Sec. 27, outcrop 

IK. Sec. 27, E. line, base of terrace 

19. Section line, outcrop 

20. Sec. 26, W. line 

21 . Sec. 27, E. line, base of terrace 

22. Section line outcrops 

23. Sec. 22, fork roads 

24. Sec. 22, centre north line 

25. Long Lake 

24a. Hell creek bridge 

25a. Sec. 23, north line, center 

26. Road east of Long Lake 

27. Sec. 3, E. line 

2K. Sec. 3, end road running west 

29. Sec. 3, E. line 

30. Sec. .3, E. line, top of ridge 



Distance 

between 

points. 

mi. — yds. 



2.2 — 66 
.2 —110 
.8 — 66 
.0 —110 
.1—22 
.2 —110 
.1—88 
1 — 
.1 — 
.1 — 06 
.1 — 
.6 — 88 
.19—132 
.7 —44 
.1 —132 
.0 —154 
.0 — 88 
.0 — 88 
.1 —164 
.1 —110 
.1 —132 
.2 — 44 
.4 —132 
.2 — 88 
.7 — 88 

.8 —no 

.2 — 22 
.5 —132 
1.2 — IW 
1.1 — 66 
.4 — 00 
.0 — 88 
.C — 44 



Elevation 

above 

Lake 

Huron. 

(580ft.A.T.) 



00.0 

27.7 

40. 7 

44.4 

56.4 

69.4 

52.1 

62.1 

67.1 

79.1 

62.5 

72.8 

85.8 

92.8 

93.5 

103.5 

119.9 

128.9 

128 9 

120.2 

124.2 

134.2 

124.2 

119.2 

126.2 

117.9 

110.6 

100.6 

106.4 

121.4 

126.2 

113.0 

126.0 

136.8 
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Station, number and location. 



31. Town and ooanty line 

32. Sec. 34, E. line, top of moraine 

33. Sec. &% W. line, Rabiteau's farm 

34. Sec. 27, E. line, base of terrace 

35. Sec. 22, E. line, road running west 

36. Fork of roads 

37. Lake Huron at Bell 

38. Grand lake at Lumber mill, Sec. 16, N. E. corner. 

39. Top moraine, Grand Lake 

10. Grand Lake isthmus 

11. Top gravel ridge, Club house 

42. Kaufman's 

43. Lake Huron at Presque Isle Light. 



Distance 
between 

Soints. 
.—yds. 



Elevation 

above 

Lake 

Huron. 

(580ft.A.T.) 



.0 — 88 
.6-00 
.2 —110 
.3 — 00 

1.3 — 22 
.1 — 88 
.1 —182 

1.4 —164 
3.8 — 00 

.2 — 44 

.1 —132 

.2 — 88 

6.22— 00 



136.8 
134.8 
112.6 
81.6 
63.4 
76 4 
32.4 
66.2 
41.7 
11.7 
26.1 
31.1 
33.G 



Of the stations liere recorded, Nos. 1 to 21^, and Nos. 27 to Jio, are on 
the section line; tlie others are either to the east or the west of the sec- 
tion line. From these data, the accompan3ing profile of the section 
(IMate VII) has been constructed. 

From a careful plotting, it api)ears that Long lake and Grand lake 
lie along the outcrops of shale beds of considerable thickness. The 
valleys of these two lakes, therefore, which extend along the strike of 
the strata, represent longitudinal lowlands, carved by streams of the 
Hulisequent type out of the softer strata. 

From an in8i)ection of the section it will be seen that it crosses a 
number of terraces of gentle southward and steep northward descent, 
separated by lowlands of greater or less extent. The greatest of these 
lowlands is occupied by Long lake and Grand lake, while others are 
occupied by streamlets. The terraces and accompan3ing lowlands may 
be traced northwestward and southeastward along the strike of the 
strata, the former marking the outcrops of the resistant strata, while 
the latter mark the softer beds. In a number of cases the northeastera 
face of the terrace is an abru])t cliff, a good example of which is shown 
on the south shore of Grand lake. The topographic elements thus pro- 
duced are a series of minor cuestas (W. M. Davis) and lowlands, such 
as are normally developed in regions made up of nearly horizontal strata 
of alternating hardness. From the soundings of the Lake Hun-ey Charts 
it becomes evident that a cuesta of considerable magnitude, formed by 
the lower strata of this region, can be traced across T^ake Huron from 
a little east of Pi-esque Isle to the Canadian shore above Goderich.* 

Similar alternations of terrace and lowland are found south of Alpena, 
though they are in general less pronounced. One or more of the low- 
lands is followed by Thunder Bay river in portions of its course." 

*See Orabau. Bull. \. V. State Mu«. No. 45. p. .'>4. 

^ It may be noted that the direction of f?eneral ice advance In such that the shock and lee 
aides would nearly harmonize with preglacinl structural forms. — L. 
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TOPOQRAPHY OF THE SHORE LINE. 



The shore, line in this portion of the peninsula is generally low and 
not infrequently swampy. This is especially true of the Thunder bay 
region south of Alpena as far as Partridge Point, at which place bluffs 
about 12 feet in height front the lake. At only one locality between Alpena 
and Partridge Point are rocks exposed along the shore. This is at 
Stony Point, immediately south of Alpena, where low ledges, generally 
submerged, appear on the lake shore. No rock exposures have been 
observed along the north shore of Thunder bay except in the eastern- 
most portion. Here Thunder Bay Island and Sugar Island show ledges, 
though the relief is very slight. Rock cliffs are found at the head of 
Misery or Little Thunder bay, forming the walls of a large sink hole. 
Other ledges occur at intervals along the shore; most of these, however, 
are low, or even submerged. The northeast shore of Presque Isle and 
False Presque Isle extend along the strike of a resistant limestone bed 
(Dundee), which, however, does not rise into cliffs. The same bed prob- 
ably forms the eastern shore of Middle Island. 

The strike of the strata of this region is approximately northwest and 
southeast. The dip is 42 feet to the mile, toward the southwest. Thip 
is equivalent to 30 feet to the mile along the line of the section. 

STRATIGRAPHY OF THE EASTERN (ALPENA) REGION, 

A. Well records. 

Owing to the extensive drift coverings of this region, rock exposures 
are comparatively rare, and are confined to roadside cuttings, quarries 
and the few natural exposures, which are found along the tops of the 
terraces and on the shore. From well records, however, we gain a 
knowledge of the succession of beds, and of the thickness of the various 
members. Taking this as the foundation of the stratigraphic work for 
this region, we may attempt a correlation of those beds which crop out 
on the surface, with those recorded in the well. Lithic characteristics 
will have to be relied upon in such a correlation, and for the area cov- 
ered by this section, these may be considered reliable. This is especially 
the case, since all the strata entering into the section are off-shore 
deposits, with a minimum of coarse detritus, and hence of a character 
which remains uniform over a large area. 

The following succession of strata in this region has been derived from 
the records of the Churchill well, the location of which is near the 
southern end of the section in Alpena.^ 

The mouth of the well is near the level of Lake Huron, and above the 
coral limestone of Alpena. This rock, which will lie called the Alpena 
limestone, is the middle member of the Traverse (Hamilton) group of 
Michigan, and hence the entire upper portion of this group is unrepre- 
sented in the well record. At a depth of 1207 to 1278 feet, the well ends 
in the salt beds of the Salina group, having penetrated the entire lower 
Devonic and part of the upyier Siluric rocks of the region. 

8 Geol. Surv. Mich., Vol. V, p. 87. See also p. P8. 
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(I.) Succession of strata in the Churcliill well at Alpena, Mich.: 

Feet. Depth. 

1. Sand and boulders 41.0 41 . 

2. Hard white (light colored) limestone 25.0 66.0 

8. Shale 9.0 75.0 

4. Very hard white limestone 49 . 5 124 . 5 

5. Shale 2.5 127.0 

6. Extra hard gray limestone 40.0 167.0 

7. Blue shale 20.0 187.0 

8. Hard white limestone 34.0 221.0 

0. Shale, 7 feet white and slimy, possibly gypsum ( ?) 18.0 239.0 

10. Hard white limestone 23.0 262.0 

11. Very sticky blue shale 27.0 289.0 

12. Hard white limestone 32.0 321.0 

13. Shale 3.0 324.0 

14. Hard white limestone, upper two-thirds extra hard 39.0 363.0 

15. Shale ' 24.0 387.0 

16. Hard white limestone 5.0 392 . 

17. Shale, mostly blue 52.0 444.0 

18. Hard white and gray limestone, mostly extra hard 60.0 504.0 

19. Extremely hard (flinty) limestone 39.0 543.0 

20. Shale 25.0 568.0 

21. Hard gray and white limestone 103.0 671.0 

22. Shale 20.0 691.0 

23. Hard white limestone 86.0 777.0 

24. Sandy lime and shale 10.0 787 . 

25. Hard white limestone 480.0 1267.0 

This carried the drill down to the rock salt of the Salina group. 

Strata 15 to 17 are provisionally considered the equivalent of the New 
York Marcellus, though there is no evidence at present to indicate that 
the faunal characteristics, on which the separation of the Marcellus 
beds alone rests, are found in this region. For this reason it is perhaps 
better to speak of these beds as the lowest Traverse shales, regarding 
the five-foot stratum of limestone (No. IG) as an integral part of the 
series. The total thickness of this lowest shale series, which are below 
referred to as the Bell shales, is therefore 81 feet. 

Strata 18 and 19 are provisionally referred to the Dundee® limestone, 
which is considered the equivalent (approximately) of the Onondaga 
limestone series of New York. The combined thickness of the two 
strata referred to this formation is 99 feet. 

Stratum 21 probably represents the Mackinac limestone, a formation 
which is believed to be the time equivalent of the Manlius limestone of 
New^ York. It undoubtedly is of upper Siluric age, but the determina- 
tion of its exact equivalency must be deferred until paleontologic inves- 
tigations are made. The beds below it, belong, in part at least, to the 
same horizon. 

Whether the shale of stratum 20 belongs to the overlying or under- 
lying formation is likewise an unanswered question. 

If the above correlations are correct, the Churchill well record gives 
us the following thicknesses of Devonic formations: 

Travf rap ^ipp^r «l^^l^a Xot represented 

Traverse middle limestone (Alpena limestone) T 25 

Traverse lower shales and limestones . : 378 

Total middle and lower Traverse 

Dundee limestones 

Total / 

^^— ______ ^ 

» They yield freely water charged with H « S. 
22 

/ 



/ 
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(II.) ^VeU of Alpeiia Portland Cement Company: 

On the land of the Alpena Portland Cement Company (Loc.9) a well was 
put down in search of water, within the last year. I had the opportunity to 
examine the samples of this well through the courtesy of the oflBcers of 
the cement works. The following i-ecord was obtained from samples 
taken at two-foot intervals: 



Character of rock. 



Pure white lixaestone of very uniform character. 



Gray shale appears and increases In amount down to 50 feet, then 
it decreases again 



Gray and black shales predominate, often bituminous 

White limestone again abundant 

Black and gray shales abundant, then decrease to 82 feet 

White limestone predominates. Shale in small (luantity 

Missing 

Gray calcareous shale in small quantity with while limestone. 

Gray calcareous shale and gray limestone 

Hissing 

Gray shales abundant with white limestone 

Nearly pure grayish limestone 

Gray shale increases 

Mostly gray calcareous shale 

White limestone with small quantity of gray shale 



Formation. 



Thickness. 
—Feet. 



Alpena lime- 
stone 



Long Lake 
limestone & 
shales 



Gray shale somewhat more abundant, mostly white and gray lime- 
stone * 



Gray shale increasing to about equal quantity with limestone. 

Mostly gray calcareous shale, very little white limestone 

Limestone more abundant 

About equal amounts of gray shale and white limestone 

Acervularia 

Gray crystalline limestone 

Gray limestone with some gray shale 

Gray shale with gray and white limestone 



(( 



(t 



•i 



(i 



ti 



t« 



t( 



t( 



«i 



4* 



t( 



<( 



(( 



Depth. 
—Feet. 



34 



34 





20 


54 




22 


76 




02 


78 




04 


H2 




02 


84 




04 


88 




02 


90 




02 


92 




20 


112 




04 


116 




02 


118 




04 


122 




04 


126 




02 


128 




02 


130 




06 


136 




02 


138 




02 


140 




02 


142 




02 


144 




02 


146 




02 


148 


1 


02 


150 



This record does not seem to correlate at first verv readilv with that 
of the Churchill well. The Alpena limestone here has a thi<*kness of 
*U feet, and since this rock on Dock street is overlain bv shales (Dock 
street clay), the total thickness of the Alpena limestone is probably 
in the neighborhood of JJo feet, instead of 25, as shown in the Churchill 
well. After this follows 20 feet of calcareous beds in which there is a 
<'onsiderable quantity of gray shale, probably in the form of thin inter- 
calated beds. A part of this at least is to be correlated with the shale 
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bed (No. 3) nine feet in thickness recorded in the Churchill well. The 
rest, with the 22 feet in which gray and black shales predominate, cor- 
respond to what in the Churchill well record has been called limestone. 
The shale is probably in thin layers and so would not attract the atten- 
tion of the drillers, who would regard all the strata as limestone. 

(III.) Wells of Alpena Business Men's Association, Frank J. Jahncke, 
driller: 

No. 1. On north line of Sec. 22, T. 30 N., R. 8 E., close to the shore and 
not eight feet above it.^® 

The section is south of the western end of Partridge Point and gives 
the following succession: 



Description of rock. 


Formation. 


Thickness. 
—Feet. 


Depth.— 
Feet. 


Black shale 


Neo-Devonlan black 
shale (Antrim) 

(t 
tt 
tt 

Upper Traverse 
shale and limestone. 

tt 
It 
tt 

t( 


60 

48 


27-29 


u u 


47-49 


(t «( 


49-67 


" *' and irreenish arsrillaceous limestone 


67-69 


Buff dolomite? 


77-79 


i« ii 


85-89 


Dark bluish shale or limestone. ,,,,,,, 


97-99 


Bnff limestone 


104-109 


Coarse varicolored limestone 


123-125 







No. 2. This is half a mile south of No. 1, near the center of Sec. 22. 
The record is as follows: 



Description of rock. 



Black shale 
Gray shale.. 



Formation. 



Antrim black shale. 

Upper Traverse 
snales 



Thickness. 
—Feet. 



76-80 



Depth. 
Feet. 



76 
83 



^^The Survey has alternate bottles of samples, the others being retained by Mr. Monaghan 
of Alpena. 
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(IV.) Well of C. Moench & Sons Company, T. 31 N., R. 8 E., Sec. 28: 
This is in the southwestern portion of Alpena, a mile or more south- 
west from the line of strike of the rocks exposed in the Churchill well. 
The following brief record is preserved. The drilling occurred in 
February, 1899: 



Description of rock. 



Quicksand 

Shale and rock. 
Balance rock... 



Formation. 



Traverse group 

Traverse&Dundee gr. 



Thickness. 
—Feet. 



80 
360 
210 



Depth.— 
Feet. 



80 
440 
660 



Although the record does not state so, the drilling probably com- 
menced at the summit of the middle limestone bed (Alpena limestone). 
The 80 feet of drift in this well, taken in connection with the 41 feet 
of drift in the Churchill well, suggests that Alpena is underlain by a 
preglacial valley — that of the Lower Thunder Bay river — which is of 
the normal consequent type, and opened out in a bed of soft shale, 
similar to Long and Grand lakes. This old valley appears to have had 
as its floor the resistant Alpena limestone, which gradually rises to the 
northeast and comes to the surface a mile or more northeast, i. e., 
across the strike of the strata, from the Churchill well. The position 
of this limestone is thus obtained at three points: at the Churchill well, 
a mile or more northeast of this, and a mile or more southwest of the 
well. At the northeasternmost point, i. e., Loc. 1, the limestone comes 
to the surface. At the Churchill well it is 41 feet below the surface. 
In Sec. 28 it is apparently 80 feet below the surface, while the surface 
of the well is probably but little above the level of the lake. This gives 
approximately 40 feet to the mile as the dip of the limestone, which 
is nearly the ascertained dip of the rocks in this region. 

At Stony Point rock appears on the surface, where the x>oint is 
formed of resistant limestone layers. Other outcrops are found at 
Warner's brickyard (Loc. 25), wiiich lies northwest from Stony Point. 
It thus appears that these beds are at least 80 feet above the Alpena 
limestone, and that the Stony Point beds form the edge of an ancient 
escarpment (inface of a euesta) the valley in front of which is drift- 
filled to a level with the top of the elitf. 

(V.) Tannery well: 

In Sec. 22, t!^ 31 ^^, R. 8 E., a well was put down in November, 1892, 
to a depth of 625 (?) feet, by the Northern Extract Company. This 
struck water in good quantity at a depth of about 400 feet, where a soft 
shale rock was found, which greatly impeded the drilling. This well 
is essentially along the strike of the rocks from the Churchill well, and 
it is probable that the bed of shale here referred to is the Bell Shale 
(see beyond) , out of which the valley of Grand lake is carved. This shale 
at the Churchill well lies nbout IMti) feet below the surface. 

(VI.) Well No. 6.^' Put down to salt at 1104 feet, before 1866, near 
the electric light works. 

» Geol. Surv. Mich., Vol.V, p. 47. 
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(VII.) Rominger" speaks of a similar well put down in 1872 close to 
the bed of Thunder Bay river. The borings commenced in limestones 
and continued without much interruption by other beds to a depth of 
400 feet, where blue shales 80 feet in thickness were struck, and a 
powerful stream of water, for which this formed the impervious bed, 
rose to the surface, carrying with it many of the characteristic fossils of 
the lower beds. These Rominger supposed to have come from the shales, 
but since they abound in the overlying beds it is more probable that 
they were derived from these. 

(VIII.) Fletcher well. Paper mill on Fletcher street, Alpena, Mich. 
A. J. Scott, driller. March, 1901. Fifteen feet above lake, 595 A. T.: 

Description of rock. Thickoesa, Depth, 

feet. feet. 

1. Surface sand 32.0 32.0 

Drive pipe (end of Pleistocene) 32.8 

2. Gray limestone 20.0 62.0 

3. Limestone and shale 28.0 80.0 

4. Gray limestone 40.0 120.0 

r». Dark limestone 40.0 160.0 

6. Brown shale 5.0 165 . 

7. Light and dark limestone with streaks of shale 85.0 250.0 

8. Soft shale (soapstone) 80.0 330.0 

9. Limestone with shale streaks 20.0 350.0 

10. Gray limestone 10.0 360.0 

11. SJate (soapstone) 82.0 442.0 

Casing 6 M inches to 450 .0 

12. Gray limestone 43 .0 485.0 

First flow at 490.0 

13. Brown sandy limestone 55.0 540.0 

14. Very hard brown limestone which cuts bits badly, but is said all to dls- 

solve in muriatic acid 15.0 555 . 

Second flow at 615 .0 

Slightly sulphureted head to 40 feet above lake level, flow 600 gallons 
per minute. 

11a. Same as 14 80.0 635.0 

F^nd of Corniferous or Upper Helderberg. 

15. Gypslferous limestone 7.0 642.0 

In this well the Alpena limestone appears to be only 20 feet thick, 
though it is probable that the record is not as accurate as preceding 
ones. Stratum 8 of this well probably corresponds to stratum 11 of 
the Churchill well, but the thickness in the Fletcher well (80 feet) is 
probably given as too great. Stratum 11 of th6 Fletcher well corre- 
sponds to strata 15 to 17 inclusive in the Churchill well, and represents 
the basal shale series, i. e., the Bell Shale. 

It is not improbable that the ^-coarse, varicolored limestone'* met 
with at a depth of 123 feet in the Business Men's Association well Ko. 
1 (III-l), south of Partridge Point, is the stratum cropping out at Stony 
Point. If this is the case, the total thickness of the shales between 
this stratum and the base of the Black Shale is, according to the inter- 
pretation of the well record, 4G feet. This is not inconsistent with the 
dip of the strata. Adding to this thickness the 80 feet of strata between the 
Alpena limestone and the Stony Point beds, we have a total thickness 
of 126 feet, or, in round numbers, 130 feet for the upper shales and lime- 
stones of the Traverse group of Thunder bay. If this is correct, the 
Traverse group of this region admits of the following subdivision; 

"Geol. Surv. Mich. Vol. Ill, Part I. 1876. p 40. 
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3. Traverse upper shales and limestones, or Thunder Bay 

series (minimum estimate) 130 feet 

2. Traverse middle limestone or Alpena limestone 35 " 

1. Traverse lower limestone and shale — 

B. Long Lake series 298 *' 

A. Bell Shale 80 '' 

Total 543 feet 

Rominger estimates the total thickness of the Hamilton group of 
Thunder bay to be about 580 feet (p. 40). The total thickness of the 
upper or Thunder bay series is probably somewhat more than 130 feet, 
and may even reach 170 feet, in which case Rominger's estimate of the 
total thickness is the true one. The distance measured in a straight line 
across the strike from the point of outcrops of the top of the middle 
limestone at lake level to the first appearance of the Black shale at the 
lake level, would give about 200 feet for the thickness of the shales 
OA'erlying the Alpena limestone, assuming that the dip of the strata 
remains a constant one, i. e., 42 feet to the mile. Rominger's estimate 
may, therefore, be regarded as probably a close approach to the truth. 
Still his division of 100 feet for the upper beds and 480 feet for the 
low^er is not borne out bv the more accurate records of the recent well 
borings. 

Ji. Records from outcrops. 

For the detailed description of the strata of this region the Alpena 
limestone makes the most convenient reference stratum, and as it is also 
the most important member of the group from an economic standpoint, 
it will be described first. Following it will be given descriptions of the 
lower members of the group, in their stratigraphic order, from the 
highest to the lowest beds. The upper Traverse or Thunder bay series 
will be described last, as least exposed. It will be observed that the 
field localities do not regularly succeed one another, since it was most 
convenient to study the localities without direct inference to succession. 
The localities of the Alpena i^egion are here given in succession : 



Loc. 1. Quarries N. E. of Alpena. (Owen Fox and Richard Collins) 

2. Outcrop two miles N. of Alpena, Long Lake Road (Sec. line sta. 11) 

3. Long Lake Road (Sec. line sta. 16) 

4. Section line sta. 17a 

6. Section line sta. 19 

6. " •« " 20 

7. " " •• 21 

8. " " " 22. Forks of road soutb of Long Lake 

9. Quarry Alpena Portland Cement company 

10. Hell Creek Fall (sta. 24) 

11. Bell Road (sta. 26) 



Alpena limestone. 
(( t« 

M It 

ii «t 

Long Lake series. 
<* it <i 

i( tt it 

(t ti <« 

Alpena limestone. 
Long Lake series. 

«t 4t t< 
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Log. 12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 

23. 

24. 

26. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

33a. 

34. 

36. 

36. 

37. 



Bell Road (sta. 27) 

Bell Road (section line Hta. 29) 

Babiteau's farm (section line sta. 33). 

Burnham Bay 

Fresque Isle Light 

Mainland pouth of Presque Isle 

Presqae Isle county, 8. £. of Loc. 14.. 

Sink holes sec. 36 R. 8 E., T. 33 N 

Misery Bay 

Fletcher Dam 



Long Lake series. 



ti 



tt 



«t 



tt 



ti 



Dundee limestone. 



tt 



it 



it 



Stony Point 

Partridge Point 

Boom Company Dam 

Warner Brickyard 

Thunder Bay Island 

Roadside sec. 27 R. 8 E., T.32 N 

4 mile N. E. of preceding 

Wlesey's well 

2 miles S. of Clay Pits 

Clay Pit Alpena Portland Cement company. 

Same as Loc. 8 

Long Lake Road^orth of preceding 

N. E. of32 

Long Lake road near lake 

Under root of tree near sink holes (Loc. 10). 

False Presque Isle 

Grand Lake Ledges 



Long Lake series. 

Bell shales at base of 19. 

Long Lake scries. 

Upper Traverse beds or 
Thunder Bay series. 

tt 
tt 
ti 
it 

Lower Alpena limestone. 
I^ng Lake series. 



•t 



it 



it 



it 



tt 



it 



tt 



tt 



it 



it 



tt 



it 



tt 



it 



it 



it 



tt 



it 



it 



It 



it 



Dundee limestone. 
Lowest Long Lake beds. 



ALPENA LIMKSTOXK. 

This limestone underlies a considerable area to the north and north- 
east of Alpena. It appears on the surface in the northeastern portion 
of the town where several quarries are opened in it (Loc. 1). It is also 
quaiTied in the c*enient-works quarry less than a mile east of the town, 
near the lake shore, or ax)proximatel y southeast of the preceding locality. 
This is designated Loc. 1). 

The rock first appears on the section line, about a mile north of the 
town (Sta. 4). It appears at intervals to the north of this, and is prom- 
inently expos(Hl in the terrace which crosses the section line in a direct 
northeast line from the quarries. (Sta. 8). 

This terrace continues northwestward and furnished another good 
exposure of the limestone about a tenth of a mile west of the section 
along the first west road. (Sta. 9a, Loc. lb.) 

Iak\ i. Quarries northeast of Alpena. The limestone is here almost 
wholly composed of corals and hydro-corallines, though brachiopods and 
other organisms are not wanting. The corals are Favosites and Acer- 
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vularia, the former probably represented by a nuoiber of species. Large 
masses of the rock are entirely made up of these corals, which appear to 
be still in the place where they grew. Other iarge masses of the rock are 
composed of the hydro-coralline Stromatopora and allied genera, which 
also appear to be represented by several species. Among the smaller 
corals, species of Zaphrentis, Aulopora, and Ceratopora predominate, 
while the Bryozoa are chiefly represented by fenestelloids, and Lichenalia- 
like types. The chief brachiopods are: Atrypa reticularis {an extremely 
convex form), Sptrifer cf. S. iitiicronatus, Stropheodonta, several species, 
Cyrtina unibonata var alpencnsis, Gypidnla, romingeri, etc. 

The central mass of limestone of this region has all the characteristics 
of an ancient coral i-ecf in which the chief reef-builders wei-e the Favosites, 
Acervulariaa, and Stromatoporas. These formed the main mass of the 
reef, while between them grew the smaller species, and the other organisms 
which go to make up the ensemble of the reef population. A careful exam- 
ination of sections in the quarries shows that there is an absence of 
stratification and regularity of structure in general, within the I'eef por- 
tion of this limestone. This is to be expected, since this portion of the 
mass is entirely of organic origin. Jn form, this portion is dome-like, 
and the stratified beds of limestone which flank it, dip away from it in ail 
directions at an angle exceeding that of the normal dip of the strata of 
this region as shown by the following figure: 




a. Okcii. Foit's Quarry: 

In this quarry the general dip of the strata is 4 degrees to the south- 
west. In the easteVn end of the quarry the dip increases, according to 
the following observations: S degrees, 10 degrees, 18 d^i-ees; the steepest 
dip is in the easternmost portion, where the abundance of corals indicates 
the neighborhood of the reef. 

On the southwest, dark shaly limestones and bituminous shales overlie 
the limestone, and carry a rich coral and bracliiopod fauna. ( For analyses 
of the limestones of this quarry, see beyond.) 

b. Richard Collins' Quarry: 

This quarry, across the road from the previous one, shows the central 
reef with tlie flanking lime-sandstone strata dipping away from it. This 
quarry was formerly known as Phelps' lime kiln quarry", and Komiuger, 
on page 43 of his i-eport, mentious the central reef as a bubble-like pro- 
trusion. The relation of the fragmeutal strata and the reef mass is shown 
in the accompanying figure. The strata dip away from the reef in all direc- 
tions. At first the angle is 28 degrees, then it falls to 14 degrees, then to 
4 degrees, and finally to 2 degrees, the normal dip of the strata in the 
quarry. In the reef portion, the coral masses (heads of FavosUcs alpcii- 
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ensis, various species of Stromatopora, and large heads of Acervularia 
davidsoni) are surrounded bj the crystalline coral sand which filled in 
all the interstices between the coral heads as shown in the preceding 
figure, Fig. 2. 

These interstitial limestone masses in the reef are generally made up 
of coarse fragments in which large crinoid joints predominate. Brachio- 
pods and Bryozoa also occur here, for this was a favorite habitat of these 
animals. These interstitial masses are often re-crystallized, and crystals 
of dogtooth spar are often abundant. 

The coral heads are generally of large size. Sometimes they are over- 
turned, but most of them appear to lie in their normal position. In some 
places the crystalline coral sand forms most of the rock exposed, the 
large coral heads being scattered through the sand. This latter shows 
no stratification, which is found only on the flanks of the reef and beyond 
it. The sand in the cavities of the reef is generally much coarser than 
that on its flanks or farther away, a feature indicating normal sediment- 
ation. 

In places at some distance from the center of the reef the rock consists 
of an organic breccia, made of brachiopods, bryozoa, and the small branch- 
ing corals plentifully interspersed with crinoid joints. 

Away from the reef the limestone is bedded, wholly of fragmental 
origin, and made up directly of comminuted coral and crinoid remains. 
The stem joints of the latter stand out in relief on the weathered surfaces. 
Crinoid heads (Dolatocrinus) and small corals (Favosites, etc.) are 
found in the limestone, but such fossils are generally most abundant in 
the somewhat shaly films which separate the successive limestone strata. 

The origin of these limestone masses and the accompanying beds of 
stratified limestone may be explained as follows: 

In the Devonic sea of this region, the luxuriant growth of corals and 
other lime-secreting organisms produced isolated reefs, which rose to 
within the sphere of wave activity. Being subject to the continued attack 
of the waves, these reefs were destroyed wherever the vitality of the polyps 
was insufficient to resist the wave attack. Wherever exposed, the dead 
coral rock was ground into a coral sand, this being accomplished in part 
by the direct activity of the waves, in part by the aid of tools chiefly in 
the form of loose blocks which were rolled about, and served to grind up 
the coral rock, and in part by the many reef-destroying organisms, which 
in every reef are actively breaking up the dead coral masses. The result- 
ing coral sand was carried away by the waves and currepts and deposited 
on the flanks of the reefs, and in the quieter water beyond. 

Stratification is well marked in such a fragmental limestone, or lime- 
sandstone, and it not infrequently happens that cross-bedding structure, 
ripplemarks, and other shallow water characteristics are shown in such 
a limestone. In fact, we may consider that there is no essential diflference 
in structure between such lime-sandstones and ordinary quartz-sand- 
stones, the mineralogical character of the component grains being the 
only distinction. In such a lime-sandstone fossils need not be abundant, 
in fact we could understand their total absence. Near the growing reef, 
which is the source of the coral sand, the minor reef organisms may be 
23 
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expected to occur, but their number would decrease in proportion as we 
pass away from the reef. In the immediate vicinity of the reef, an inter- 
locking of the organically and the mechanically formed limestones occurs, 
for at times the coral sand encroaches upon the reef, and again the reef 
organisms extend outward, growing on the foundation of sedimentary 
coral sand. This inter-locking of the two types of limestone is well shown 
in the quarries opened in the reefs in question, and on either side the 
stratified limestone, consisting wholly of consolidated coral sand, is seen 
dipping away from the reef. This stratified limestone is strikingly barren 
of organic remains ; only a few brachiopods or small corals are found at 
intervals. In texture it is very uniform, and in composition very pure^ 
yielding from 96 per cent to 99 per cent CaCO,-. (See analyses given 
beyond and under Loc. 9.) 

The purity of these limestones is readily accounted for when we remem- 
ber that the reef -building organisms flourish only in water free from terri- 
genous matter. Since the stratified limestone beds which always accom- 
pany the reef are derived from the organically formed limestone, and 
since there is an absence of terrigenous matter within the area of their 
deposition, it follows that these limestones must be very pure, within a 
radius of some magnitude from the central coral reef, the source of supply 
of the lime sand. It furthermore follows that the thickness of the coral 
reef, and the thickness of the flanking fragmental limestones, may agree 
and that beds of great thickness may accumulate, depending on the length 
of time during which the reef remains in an actively growing condition. 

It thus appears that the reefs are the most trustworthy guides to the 
purity of the limestones. Close to the reefs from which they were formed^ 
these limestones will generally be free from foreign material, while this 
may increase in amount progressively with the distance from the reef. 

Loc. la. The rock exposed here shows essentially the same characteris- 
tics as that of the preceding two localities. Favosites appear to be the 
most common fossil. Other fossils are Atrypa reticularis, Spirifer granu- 
losus, Zaphrentis sp., and several species of Stropheodonta. 

Loc. lb. The limestone has here less the character of a reef, but appears 
to have accumulated in the immediate neighborhood of a reef. It is 
highly fossil iferous, Favosites and Stromatopora being very common, 
though apparently not forming very large masses as in the reef portions 
of the preceding localities. Stropheodonta is a well-represented genus, 
though the species are generally small. Oypidula romingeri and Atrypa 
reticularis are among the other common brachiopods. 

The limestone of the quarries is exposed in the fields at numerous 
localities north and east of the prospecting holes. Many small prospect- 
ing holes have been opened in it, but no extensive quarrying operations are 
carried on except in the two quarries mentioned and in that of the cement 
company. 

To the south and southwest the limestone of Loc. 1 is overlain by a blue 
clay, which is exposed in a test well on Dock street, where it is six or 
seven feet thick. This clay will be mentioned again below. 
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The following analysis of the limestone of Collins' quarry was fur- 
nished by Mr. S. H. Ludlow, chemist of the' Alpena Portland Cement 
Company, under No. 23 : 

SiO, 62 

A1,0, 60 

Pe,0, 33 

CaCO, 97.39 

MgCO, 1.09 

100.03 

The following analyses of the rocks of Loc. 1 and of the limestones of 
the lower series were made for the Survey by Mr. P. Brady, chief chemist 
of the Illinois Steel Company from samples Mr. Orabau collected, received 
Julv 27, 1901 :*« 



Marked. 



1. Alpena Loc. 1 

2. " •• 1 

3. " •* 1 

4. •♦ " 1 

5. *• •* 1. 

6. N. of Alpena, Loc. 2 

7. N. of Long L*ke, Loc. 6. . 

8. Cement Qoarry, Loc. 9. . . 

9(* «t tt o 



SUica. 


Ferric 
oxide. 


Alumina. 


Calcium, 
carbonate. 


.42 


.19 


.45 


96.04 


.24 


.16 


.26 


98.88 


.82 


.29 


.33 


94.83 


1.18 


.31 


1.79 


96.29 


.24 


.16 


.32 


98.84 


4.e2 


.46 


1.16 


92.38 


4.64 


.60 


1.36 


91.82 


.70 


.30 


.76 


96.90 


.38 


.19 


.21 


9860 



Magnesia Rul- 
carb. I phur. 



.88 

.45 
4.20 
1.33 

.43 
1.86 
1.67 
1.30 

.62 



.014 
.006 
.020 
.OQO 
.007 
.029 
.084 
.022 
.009 



Pbos. 



.007 
.003 
.012 
.017 
.004 
.013 
.031 
.020 
.004 



^' The following partial analyaes were made for A. C. Lane. 

1. From the CoUlna quarry : Limestone dipping away from a reef on which the kiln 
stands. The upper layer la rather blu4 and shaly, with Phaoopa rana. A, reticularis, fi. 
tnucronatu$, etc. The analysis of the sample made by A. N. Clark ; 

CaCOa 95.40 

MgCOs 1.76 

Insoluble I 



SiOf, etc. 
Organic and loss- 



2. From the same neighborhood samples yielded the Dow Chemical Co. 



1.10 
1.74 



100.00 



SiOt 

Iron and alumina. 
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DESCRIPTIONS OF SAMPLES ANALYZED. 

No. 1. Fragmental semi-porouB limestone consisting of groond-up organic remains. Loc. 1, 
Collins quarry, Alpena. 

No. 2. Fragment of un weathered and unfilled Acervularla. Fox*s quarry, Loc. 1, Alpena. 
No. 3. Compact light crystalline limestone, forming the lower beds in Fox's quarry, Loc. 

1, Alpena. 

No. 4. Dark crystalline limestone forming the upper beds in Fox's quarry, Loc. 1» Alpena. 

No. 5. Fragment of Stromatopora, unaltered. Fox's quarry, Loc. 1, Alpena. 

No. 6. Porous fragmental limestone from roadside about a mile north of Alpena at Loc. 

2. Somewhat oxidized. Surface specimen. 

No. 7. Compact gray limestone from Loc. 5, Alpena, Just overlying the Stropheodonta 
shales. Long lake. 

No. 8. Compact lime sandstone from quarry opposite cement works, Loc. 9 (Alpena 
Cement Co.*s quarry). 

No. 9. Fragment of Favosltes with cavities filled by Infiltration. Cement quarry, Loc. 9, 
Alpena. 

Nos. 2y 5 and 9 represent the chief corals which make up the coral reef 
in the Alpena limestone, and from the destruction of which the flanking 
beds of limestone or fragmental limestone were formed. It will be 
observed that they are very low in silica, and approach 99 per cent of 
CaCOs- They are furthermore low in MgCO, , showing that these corals 
are practically pure lime structures. The silica is probably a secondary 
introduft'tion, being highest in the Pavosites, where the intertabular 
spaces were filled by infiltration. 

The only other sample high in lime is No. 1, which represents the com- 
minuted coral and shells which made up the old reef. The sample came 
from the flanks of the old i-eef and shows the purity of the rock derived 
from the reef. 

The light colored lime-sandstone, forming the chief fragmental beds, 
resting upon the old reef exposed in Fox's quarry (No. 3), is lower in its 
percentage of lime than the dark limestone overlying it (No. 4). This 
is due to the high percentage of magnesium carbonate (4.20), which is 
most likely of later origin, having replaced the original calcium carbon- 
ate. The percentage of silica and alumina is not much higher in this 
rock than in the corals from which it was derived, and a tenth of a per 
cent lower than in the fragmental lime rock from the reef in Collins' 
quarry (No. 1), which is high in lime and comparatively low in magnesia. 
The upper beds in this region, as represented by the analysis of sample 4, 
are comparatively high in silica and alumina owing to the presence of 
diminutive clay particles, which give this rock its relatively dark tint. 
These beds grade upward into calcareous shales. 

Nos. 6 and 7 are high in silica, not so much from the presence of clay, 
for there is a smaller amount of alumina than occurs in sample 4, but 
rather from a certain amount of silicification of the contained organic 
remains. This has not been carried very far, however, the percentage of 
silica not rising much above 4.5. 

The analysis of the limestone from the cement quarry (No. 8) repre- 
sents the average of this rock in its percentage of lime, though 98 per cent, 
and even 99 per cent and over, have been recorded. The presence of a con- 
siderable per cent of MgCO^ in sample 8 accounts in part for its lower 
per cent of CaCO,. 

The following analyses were given in the last annual report: 
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LIMESTONES FROM QUARRIES OF ALPENA PORTLAND CEMENT COMPANY. 



Calcimn carbonate.. 

Magnesia carbonate 

Silica 

Iron oxide \ 
Alumina ) 

Total 



1. 


2. 


3. 


4. 


6. 


6. 


7. 


8. 


96.91 


80.10 


98.87 


96.03 


96.36 


96.60 


96.92 


08.14 


3.63 


8.67 


.92 


1.36 


.94 


1.26 


.98 


.98 


.36 


1.77 


.83 


.38 


1.38 


1.64 


1.46 


.42 


.13 


.36 


.18 


.19 


1.21 


.27 


.64 


.18 


100.03 


99.89 


99.80 


99.96 


99.S8 


99.67 


99.90 


99.72 



9. 



98.03 

1.06 

.68 

.26 



100.04 



No. 1. Quarry C. Shell to be removed In stripping. One to two feet thick. 

No. 2. Quarry C. Top strata. Two feet thick. 

No. 3. Quarry C. Second strata. Two feet thick. 

No. 4. Quarry C. Third strata. Four feet thick. 

No. 5. Quarry C. Fourth strata. Two feet thick. 

No. 6. Quarry F. First strata. Two feet thick. 

No. 7. Quarry F. Second strata. One foot thick. 

No. 8. Quarry F. Third strata. Two feet thick. 

No. 9. Quarry F. Fourth strata. Floor of quarry. 

All samples show traces of sulphates and phosphates. 

Chemist, F. M. HALDEMAN. 
Alpena, Mich., Feb. 12, 1900. 

The analysis of a limestone near Rogers City, given Mr. Lane by J. G. 
Dean, may be inserted here for comparison : 

Calcium carbonate 96.34 

Magnesium carbonate 0.46 

Alumina and iron 0.20 

-Silica 0.62 

Bulpbates traces 

Ornnic matter 0.09 

Difference 0.30 

100.00 

A yellow clay shale near by (weathered Bell shale?) gave: 

Silica 66.39 

Alumina 13. 60 

Iron oxide... 5.87 

Lime 99 

Magnesia. 60 . 

Sulphuric anhydride 1.00 

Ornnio matter and water 10.32 

Difference 1.33 

100.00 

A specimen of the Alpena stone gave W. M. Courtis, M. E. : 

Calcium carbonate 95.231 

Magnesi nm carbonate . 046 

Ferric oxide 0.636 

Alumina 0.16G 

RiiiMi insoluble 1.205} « ^s 

Organic matter 1.610 

Water 0.300 

Phosphoric acid traces 

Sulphuric acid Slight traces 

Chlorine Slight traces 

Alkalies traces 

100.00 per cent. 
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The following analyses of limestone from the quaries of M. J. Griffin 
in the Alpena limestone at Bolton^* which were made by E. J: Schneider^ 
chemist, yielded, calculated from limestone: 

No. 1. No. 2. No. 3. No. 4. No. 6. No. 6. 

8iOs 1.81 .16 1.67 1.39 2.86 1.39 

FefOt&AliOs 1.64 1.32 1.42 2.66 1.10 1.49 

CaO 93.44 96.89 96.96 94.48 93.61 - 96.53 

MgO 2.99 .68 .49 .14 1.66 1.81 

Loss 99.68 97.90 100.64 96.67 99.16 100.22 

Corresponding Limestone. 

S10« 1.2 .2 1.0 .8 1.64 1.8 

(Pe«Al9)Os .9 .8 .8 1.6 .63 .9 

CaCOs 94.4 96.6 97.6 97.6 96.7 97.9 

MgCOt 3.6 .6 .6 .2 2.13 3.20 

100.00 100.00 100.00 100.00 100.00 100.00 

Location of sample taken. 

No. 1. Bailroad cut on surface. 

No. 2. First quarry on surface of subterranean passage . 

No. 8. ** ** top layer 6 feet from surfiu;e. 

No. 4. ", " " ^» 8 " " 

No. 6. New ** " layer from surface to 3 feet down. 

No. 6. Top layer on surface \ mile iMtck from quarry. 

Top layer at subterranean passage 8 feet in thicknesSf while that at new quarry is 6 feet. 

The following analyses of the limestones of the cement quarry were 
furnished by Mr. S. H. Ludlow: 



Sample No. 


SiOt. 


AlfOt. 

and 

FesOs. 


CaCOa. 


MgCOs. 


1 


.32 

• 

• 


.66 
.73 
.34 


96.23 
96.16 
96.62 
96.08 
96.68 
96.32 
99.19 


.96 


4 


3.91 


6 


1.04 


22B 




22C 








24B 








26 

















* Included in next column. 

No. 4, the lowest in CaCO, , is the richest in MgCO, , containing nearly 
4 per cent. Large areas here and there in the qilarry are relatively rich 
in magnesia, and these do not effervesce with dilute HCl. In general the 
rocks here have a porous texture and are commonly more oxidized than 
the rest of the rock, sometimes having a deep ochre color. 

No. 25 yielded the highest per cent of lime obtained in the quarry at 
that time. 

No. 6 is a bluish coralline limestone of a flinty texture, and probably 
repi-esents a part of the reef. No. 24b is known as sugar stone. 

A sample taken at a depth of 32 feet in the well of the cement company, 

H There is, however, at Bolton also a layer of dolomite with 66 per cent Ca COs. 
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and therefore representing the lower portion of the Alpena limestone, h&a 
given the following analysis: 

*SiO, 40 

CaCO, 97.16 

A1,0, and Pe,0, 1.00 

MgCO, 1.06 

99.62 

« 

This, therefore, compares well with the average of the limestones of 
this bed. 

The following analyses of a recent large blast of coral limestone from 
the reef in the cement quarry was also furnished by Mr. Ludlow : 



• 



SiO, 21 

A1,0, 33 

Fe,0. 

CaCO, 99.33 

MgCO, 21 

100.08 

A later blast gave 99.63 per cent of CaCO,. 

An analysis of the limestone from some distance northeast of the 
cement works (Isaacson stone), and two feet from the surface, gave the 
following results: 

CaCO. 96.75 

A1,0, and Pe,0, 1.06 

SiO, 79 

MgO 35 

98.95 

The Portland cement made by the cement company from this rock gives 
the following results, from 26 to 27 per cent of the clay of Loc. 31 being 
added to the limestone: 

SiO, 20.26 

A1,0, 8.62 

Fe,0, 2.71 

CaO 63.22 

MgO r. 2.34 

K,0 and Na,0 1.34 

SiO, 76 

H,0 and CO,... 75 

100.00 
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hoc, 2. About two miles north of Alpena, at Sta. 11 on the section 
line, a highly fossiliferous limestone is exposed along the roadside and in 
the adjoining farm lands. This rock consists mainly of the stems and 
joints of crinoids, and of various Bryozoa, among which the fenestelloids 
are the most common. In the exposed portions the fossils appear to form 
a loosely agglomerate mass, without the interstitial filling of calcareous 
sand. Brachiopods are very common, and the space between the valves is 
generally unfilled, except for subsequently infiltrated calcite. The brachi- 
diuni of these brachiopods is generally well preserved, indicating a free- 
dom from disturbances. Gypidula romitigeri and Atrypa reticularis are 
both abundant. Stropheodonta cf. S. demissa and S. nacrea are also com- 
mon. Chonetes coronatus is a conspicuous species, while Spirifer mucro- 
natus and /8. granulosus are among the other characteristics brachiopods. 

Fenestella, Loculipora, and the other frondose Bryozoa are also well 
preserved, frequently still showing the original funnel-like form of thfe 
frond. 

Crinoid stems and joints make up the greater portion of the mass. 
These are mostly enlarged, and changed to cleavable calcite. Dog-tooth 
spar is common in the cavities, which latter are very numerous, since all 
the remains are loosely joined, forming a porous or loose-textured rock. 

No Favosites or other corals have been observed. The condition of 
preservation of these fossils is such as to point to quiet and rather deep 
water wherein they accumulated, in a depth apparently beyond that of 
wave activity. This limestone was therefore of great purity, since it con- 
sists wholly of the calcareous i-eniains of organisms, but it has since been 
somewhat silicified as shown by No. 6, of Brady's analyses on page 179. 
The position of the limestone appears to be near the base of the middle 
Traverse limestone (stratum 2), but its characters are probably not 
traceable over a very large area. 

Loc. S. About a mile north of this outcrop, at Sta. 15, is another out- 
crop of limestone along the west line of Sec. 35. Here the limestone has 
again the coral-reef character, with Acervularia and Favosites predomi- 
nating. This exposure belongs near the base of the limestone series. 
Besides the fossils mentioned, Zaphrentis, fenestelloids, Atrypa reticu- 
laris and crinoid stems may be mentioned. 

Loc. 4' This is two-tenths of a mile north of the last locality, at Sta. 
17a, along the east line of Sec. 27. The limestone here is similar to the 
preceding, and belongs to the same series. It contains numerous crinoid 
remains, and Stropheodonta is the commonest genus of brachiopods. 

THE LOWER TRAVERSE SERIES. 

a. Long lake shales and limestones: 

These beds are a succession of thin-bedded limestones and shales, 
exposed both north and south of Long lake. This occupies a depres- 
sion underlain by one of the prominent beds of blue clay shale occurring 
in this series. 

Loc. 5. About a third of a mile north of Loc. 4, at Sta. 19, on the sec- 
tion line, is an outcrop of impure but highly fossiliferous limestone, which 
weathers to a yellowish-brown color, and leaves an earthy residuum. The 
reef corals are rare, but other types, such as Zaphrentis, Aulopora, and the 
like, are met with. Brachiopods are common and among these a robust 
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variety of Atrypa reticularis is the most abundant. Other common species 
are: Splrifer mucronatus, Chonetes coronatus, Stropheodonta demissa, 
8. concavGy and S. erratica (?). 

From the thin bedded character of this rock, it might well be mistaken 
for a shale in the drill record. At any rate, this rock underlies the crys- 
talline limefetone^ and with the beds next below it probably forms the 
nine-foot stratum of "shale'' (stratum No. 3) in the Churchill well record. 

Loc. 6. Less than two-tenths of a mile to the north, at Sta, 20, is an 
outcrop of black shale, highly bituminous, and characterized by the 
extreme abundance of a small species of Stropheodonta. This is a species 
closely related to ;S*. plicata of the Iowa Hamilton. The plications are 
angular near the beak, but become rounded and less pronounced toward 
the front. The exterior of the shell is striate, the interior pustulose. 
When worn, the shell appears punctate. A few fenestelloids occur, but 
other fossils are very rare. 

Loc. 7. This is at Sta. 21, on the section line, something more than two- 
tenths of a mile north of the preceding locality. The rock is a dark- 
colored, somewhat shaly, fine-grained bituminous limestone, and lies just 
below the shales of Loc. 6. It is exposed at the base of a terrace, on the 
west side of the road, and fossils are very rare in the exposed portion. 

Loc. 26. Thunder Bay Island. This island is the easternmost point of 
land north of Thunder Bay. It consists of flat ledges of limestone rising 
but slightly above the water level. During high storms the water sweeps 
the ledges bare. The limestone is composed of crinoid fragments, brachio- 
pods, and corals, with a predominance of fine coral sand. Stromatopora 
is the most abundant fossil, large heads from one to two feet in diameter 
being very frequent, and some even up to five feet in diameter having been 
noted. Wherever they occur, the surface presents a hummocky appear- 
ance, the Stromatopora heads rising in dome-like masses, over which the 
strata arch. On the eastern end of the island the limestone lavers are 
separated by shaly beds often several inches in thickness. These shaly 
beds are highly bituminous, black, easily soiling the fingers, and with a 
petroleum odor. The surface of the layers is covered by black, glisten- 
ing, carbonaceous deposits. The limestone is dark and generally of a 
shaly character. Favosites of several species and Acervularia are com- 
mon, though the latter has not been seen in large heads. The shale often 
has the appearance of being sun cracked. The black shale contains 
brachiopods {Stropheodonta costata, Owen (?) and others) and branch- 
ing Favosites. It varies in thickness up to half a foot and contains numer- 
ous pyrite concretions, which on oxidizing stain the rock and leave cavities. 

In the limestone and associate shales the following fossils have been 
found, among others, in the beds of Thunder Bay Island : Stromatopora, 
Acervularia davidsoni, Proetus sp., Spirifer mucronatus, Atrypa return- 
lariSy Stropheodonta erratica, 8. cf. costata, 8. nacrea, Chonetes^ cf. coro- 
natus, Meristella cf. nastita, Gypidula romingeri. Rominger also mentions 
Proetus crassimarginatus, Phacops hufo {?rana)y Gomphoceras, Ortho- 
ceras, Eunella lincklaeni, and Spirifer consotrinus as other common 
species. 

These limestones and shales apparently represent the beds found 20 to 
40 feet below the Alpena limestone in the cement company's well (No.2). 
Here black shales are common. The black shales of Loc. 6 are doubtless 

24 
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the same as those of Thunder Bay Island, though in these latter the small 
angularly plicated Stropheodonta appears to-be less abundant. 

Bock of the same type and carrying the same fossils as on Thunder Bay 
Island is found on Sugar Island, but the ledges are mostly submerged. 

Along the eastern shore of Thunder Bay Island the ledges extend out 
under the water for some distance, submerged from two to three feet. 
Then they suddenly break off and a submerged cliff carries the lake bot- 
tom-down six fathoms. This cliff is probably the wall of a sink hole 
similar to that found at the head of Misery bay. 

Loc. 27. This is an exposure along the road side (section line) form- 
ing the western border of the southwestern quarter of the northwestern 
quarter of Sec. 25, B. 8 E., T. 32 N. Here the road is crossed by a terrace 
of compact gray limestone containing Acervularia, Favosites, Stromato- 
pora, and occasionally crinoid joints. Lower down, some beds are filled 
with a robust variety of Athyris fultonensis (?), which often becomes 
large, and then has the aspect of a Seminula, or of Meristella nasuta with- 
out the anterior strong protrusion. Crytina urnbonata alpenensis is 
extremely abundant, as is also Stropheodonta cf. costata. Other common 
species are Productella spinulicosta and Spirifer mucronatua with char- 
acteristic features; also, less common, Stropheodonta nacrea, Spirorhis, 
t;tc. These beds appear to lie above those of Loc. 8 et seq., as is indicated 
by the strongly plicated Stropheodonta cf. costata, which scarcely occurs 
in or below the beds of Loc. 8, also abundant in the lower beds. 

Loc. 28. This is another outcrop a quarter of a mile or less northeast 
of the preceding locality. On the road between Sees. 24 and 25, near the 
western end of the sections, are exposures of coralline limestone that 
show Acervularia davidsoni, Favosites alpenensis, Atrypa reticularis, 
Cyathophyllum, etc. This may be the continuation of the beds exposed in 
Loc. 8. (See below.) 

Loc. 8. This is at Sta. 22, on the section line near the forks of the road 
south of Long lake. The rook is thin-bedded, gray, weathering to buff, 
and highly fossil if erous. Favosites and Acervularia occur, but not in 
very large masses. Atrypa reticularis, represented by an extremely con- 
vex variety, is the most abundant brachiopod. Several species of Stropheo- 
donta occur, among which a variety of S. demissa, and fif. en'atica, and S. 
inequistriata should be mentioned. Cyrtina hamiltonensis also occurs. 
These limestones are probably a part of the stratum 4 series of the 
Churchill well. 

Loc. 32. The same beds in the second season's fieldwork were desig- 
nated Loc. 32. In addition to the species mentioned, the following should 
be noted among others: Spirifer mucronatus, S. audaculus, Productella 
spinulicosta, Orthis (Schizophoria) propinqna, a large species, rather 
common, Gypidula romingcri, Athyris fultonensis, Favosites, Aulopora, 
Acervularia davidsoni. and numerous cup corals, among which Zaphrentis, 
Heliophyllum, and Cyathophyllum predominate. Bryozoa are also 
common. 

Loc. 33. This is along the Long lake road, half a mile or more north- 
west of the point where the Bell road branches off from the Long lake 
road. The rock here is a dark, easily split lime shale, having very uneven 
surfaces, and weathering into red clay. These beds are but slightly 
below those of Loc. 8, the two localities being nearly along the strike of 
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the beds. Thej are rich in crinoid joints and corals are extremely abund- 
ant. These are mainly silicified and comprise Acervularia dafHdsoni, 
several si)ecies of Zaphrentis, Cyathophyllum, and others. Atrypa reticu- 
laris is common and of the robust type found in the beds above. With it 
occurs the large Orthis propinqua, Gypidula romingeri, Spirifer granu- 
losus, Sp. mucronatus, Sp, cf. varicosus, and several species of Stropheo- 
donta,, including 8, erratica, 8, demissa, and 8. naerea, the last three 
being rare; also Productella cf. productoidcs, Crytina hamiltonensis, 
Athyris fultonensis, Qypidula romingeri, Pentamerella duhia^ Phacops 
rana, etc, Bryozoa are also common. 

hoc, 33a, A quarter of a mile southeast of Loc. 33, or halfway between 
Locs. 32 and 33, and in beds of about the same level, the following species 
have been found: Atrypa reticularis , Spirifer mucronatus j 8p. granu- 
losus, 8p. cf. varicosus, Athyris fultonensis, Gypidula rormngeri, Orthis 
propinqua of large size, Productella spinulicosta, Cyrtina hamiltonensis, 
8tropheodonta erratica, and, more rarely, 8, cf. costata and Crania hamil- 
toniae. Of corals, Acei'vularia davidsoni, Zaphrentis, and Favosites 
occur. 

Loc. 34. This is on Long lake road, north of the preceding localities, 
and on the slope of the terrace leading down to the lake. The chief foesils 
found here are Acervularia, Craspedophyllum, and Zaphrentis, the rock 
consisting mostly of coral masses. Heliophyllum coalitum also occurs, as 
well as Favosites. Atrypa reticularis is less robust and common in these 
beds, which are below those of the preceding localities. 

Loc. 10. This exposure is at Sta. 24, where Hell creek, the outlet of 
Long lake, cascades over some limestone ledges. This locality is off the 
«ection, and the rock here exposed appears to be the correlative of the 
limestone series No. 6 of the Churchill well. Acervularia and Favosites 
occur here, and with these 8pirifer granulosus, 8p. mucronatus, Atrypa 
reticularis, and Orthis cf. propinqua. This same rock probably crops out 
close to the lake. 

Loc. 30. This is on top of the terrace fronting Hell creek, and on the 
line of the railroad of the Alpena Portland Cement Company, about two 
miles south of the clay pits. It is the continuation of the terrace fronting 
Long lake, and along the strike of the beds of the terrace. The beds of 
this locality are therefore of the same horizon as those near Long lake. 
Outcrops of this rock occur all along the front of the terrace and over the 
top, and weathered-out specimens may be picked up everywhere in the 
fields. The fossils are generally silicified, especially the corals. Acer- 
vularia davidsoni is very common in places, occurring in thin, explan- 
ate heads. Stromatopora and other corals found at Long lake occur 
likewise. Among the characteristics braxjhiopods are : Orthis propinqu4Z, 
large form; Gypidula romingeri; Atrypa reticularis, very robust and 
extremely abundant; Athyris fultonensis; Cyrtina hamiltonensis; Spiri- 
fer mucronatus, abundant and charactei-istic ; 8p. granulosus; Stropheo- 
donta nacrea; 8tr. sp.y and Productella spinulicosta. The faunal corre- 
spondence is obvious. 

JjOC. 20. Miserv bav. At the head of the inlet known as Miserv bav or 
Little Thunder bay. a large sink hole, known as ^'the bottomless hole," has 
formed, from the bottom of which strong springs arise. The western wall 
of this sink hole remains a« a vertical cliff composed of thin-bedded lime- 
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stones separated by shale partings. Large masses are continually separat- 
ing along joint planes and falling into the bay. The beds are strongly 
iron-stained, and rich in brachiopods, among which the robust Atrypa 
reticularis of the Long lake localities predominates. These limestones are 
found on the surface for a considerable distance eastward of the bay. 
Their equivalency to the beds of localities 32 and 33 is probable. 

hoc, 29. Wiesey's Well. A short distance northeast of the terrace 
described under Loc. 30, and between it and Hell creek, a well was sunk 
on the farm of Mr. Wiesey, which revealed twenty feet of bluish clay with 
some calcareous beds intercalated, the whole underlying the calcareous 
beds of Loc. 30. This is the shale which in part underlies Long lake, and 
probably is bed No. 7 of the Churchill well record. The calcareous beds are 
very fossiliferous, and especially rich in typical specimens of Spirifer 
mucronatiis. Other fossils are Stropheodonta demissa, typical form, 
Stropheodontun perplana; Chonetes coronatus; Cfwnetes sp.; Athyris 
fultonensis; Modiomorpha, etc. 

An analysis of the shale from Mr. Wiesey's well was furnished by Mr. 
Monaghan, as follows : 

SiO, 55.68 

A1,0, and Fe,0, 20.68 

CaO 9.69 

MgO 2.35 

Alkalies 3.60 

Locs. 11-13. These are small outcrops of limestone along the roadside 
at Stas. 26, 27 and 29 respectively. They appear to belong to the limestone 
bed (No. 8 of the Churchill record) which underlies the blue shale of 
Long lake (7), and contain Aoervularia, Gypidula, and other fossils char- 
acteristic of the massive limestones. 

These beds are again seen in the high ridge of limestone north of Loc. 
31. This ridge extends northwest and southeast, and can be traced ahnost 
to the shore, opposite Middle Island. Its average height is about 35 feet 
above the plain of the clay pits (Loc. 31). 

Loc. 31. Clay Pits. The clay pits of the Alpena Portland Cement Com- 
pany are situated in the N. E*. 14 of S. E. 14, Sec. 18, T. 32 N., R. 9 E. 
They are begun on a stripped level, about twenty feet above the surface 
of Lake Huron. 

The clay at present mined represents the upper beds of the series, about 
six feet in depth, which are thoroughly delithified and very homogeneous. 
Fossils are rare in this mass, but typical Spirifer mucronatus, Stropheo- 
donta demissa, and Phacops rana are found in it, besides other species. 
At the base of this mass in a compact bluish clay shale, with calcareous 
layers full of typical Spirifer mucronatus, Chonctcs cf. defiecta, Stropheo- 
donta demissa, Athyris fultonensis, Diilasma romlngeri, and other 
species. Lower down (31a), and exposed in the drain ditch, are calcareous 
beds containing Cyrtina hamiltonensis, Stropheodonta demissa, Athyris 
fultonensis, Diclasma romingeri, Atrypa reticularis, Merist^lla cf. meta, 
Orthis ioicensis cf. propinqua, Spirifer granulosus, and Sp. mucronatus, 
besides Favosites, Zaphrentis, Cystiphyllum, and Acervularia davidsoni. 

Loc. 31c. Overlying the clay beds is a thin-bedded limestone, rich in 
Atrypa reticularis, Chonetes coronatus, Spirifer mucronatus, Sp. auda- 
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cuius, 8p. granulosus, Stropheodont a nacrea, 8tr, demissa^ variety, 8tr, 
erratica, and numerous corals, including Acervularia davidsoni, Cysti- 
phyllum vesiculosum, Zaphrentis, etc. 

Loc. Sid, From a test hole in the woods, the following species have 
been obtained from the top beds of the clay, and the calcareous beds 
immediately above: Cladopora alpenensis, Aulopora serpens, Cyatho- 
phyllum houghtoni, Zaphrentis cf. nodulosa, Favosites^ Stropheodonta 
demissa, Stropheodonta sp., Spirifer mucronatus, Atrypa reticularis, 
Ghonetes, etc. 

The following analysis of the upper clays (those used in the cement 
works) was furnished by Mr. Ludlow. (See also analysis in Ries's report 
on clays and shales, Vol. VIII, Part I, page 48.) :. 

SiO, 57.96 

A1,0, 20.44 

Fe,0, 3.03 

Ca CO, 9.12 

CaO 28- 

MgCO, 5.02 

SO, 72 

96.57 
AlkaUes 3.43 



100.00 



The following analysis of the calcareous b^s below the clay of the 
elay pit was furnished by Mr. Monaghan : 

SiO, 28.38 

CaCO, 59.00 

MgCO, 1.93 

Fe,0, 1.59 

A1,0, 7.23 

98.13 
• 
Loc. 14' This is at Sta. 33, half way between Long and Grand lakes. 
The best outcrops are along the roadside and on the farm of Mr. Babiteau. 
The rock is thin-bedded and extremely fossiliferous, the fossils weathering 
out in relief. The limestone is not very pure, an earthy residuum remain- 
ing on the solution of the lime. This is by far the most fossiliferous of the 
lower series of beds in the region, a large number of species having 
been obtained from the outcrops of this rock. Brachiopods pre- 
dominate, with the large and robust Ati^pa reticularis at the head. 
Chypidula romingeri Hall and Clarke is also extremely abundant, while 
the Stropheodontas and Spirifers are common, and represented by all the 
common and some rare species. Ghonetes, Productella, and other char- 
acteristic Hamiltonian brachiopods occur abundantly. Among corals the 
smaller types predominate, i. e., Aulopora, Geratopora, etc. In the lower 
beds, however, the reef-building types occur, notably Acervularia. Stro- 
matoporoids are also, though more rarely, met with. 
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hoc. 18. This is on the farm land north of the county line and east of 
the line of the section. The outcrop is in line with those of Loc. 14, and of 
the same type, containing also the same species of fossils. 

Loc. 35. This is an exposure of the upper beds along the strike of the 
beds from Loc. 14, in the southwestern quarter of Sec. 36, and near the 
sink holes of Loc. 19. The fossils were collected under the root of an 
upturned tree. Zaphrentis and Ceratopora are most abundant. The fol- 
lowing is a partial list : Heliophyllum juvene, Cyathophyllum, Zaphren- 
tis, Acervularia davidsoni, Favosites, Ceratopora, Atrypa reticularis, 
Athyris fultonensiSy Stropheodonta erratica, S. demis^a, Athyria spiri- 
feroides (?)^ Pentamerella dubia (?), Cyrtina timhomta alpene^iais, etc. 
These beds may be considered identical with those found on Babiteau's 
farm (Loc. 14). 

Loc. 37. Grand lake ledges. These ledges are exposed on the south- 
west shore of Grand lake, opposite Kaufman's hotel. The cliff rises 
perhaps 40 feet above the level of the lake; the lower half is obscured by a 
talus slope. The beds are the northwest continuation of the lowest beds, 
seen near the base of the terrace north of Loc. 14. The upper layers are 
full of a species of Ceratopora, which in places constitutes almost the 
only fossil seen, with the exception of crinoid joints and stems. Below 
this are about 10 feet of a compact, fine-grained limestone, with occasional 
large heads of Acervularia. Below this the beds become somewhat shaly 
and contain large specimens of Zaphrentis, Cyathophyllum, etc. 

These ledges are again exposed in T. 32 N., B. 9 E., Sec. 6, directly west 
of Middle Island. Here they form a chain of bluffs IG feet high, which 
commence about half a mile from the shore. "Nearly the entire rock is 
made up of specimens of Stromatopora mingled with Favosites, Oyatho- 
phyllum profundum, Diphyphyllum archiaci, and other corals, which by 
exposure easily become disintegrated" (Bominger, loc. cit. p. 50). I 
have not seen this exposure, but it is well described by Bominger and its 
relation to the Grand lake ledges appears clear. 

Loc. 19. Sink holes. The sink holes are situated in the southwest 
quarter of Sec. 36, T. 33 N., B. 8 E. There are at least a dozen of them 
extending in a northwest and southeast line through Sec. 36 and inta 
Sec. 35. They are generally at the bottom of a ravine or longitudinal 
depression. The great "bottomless'' sink lias vertical sides of overhang- 
ing cliffs on all sides, and has a depth to the water surface of about 50 
feet (estimated). The water in the bottom has a similar or greater 
depth. The upper 20 feet or more of the wall consist of limestones, the 
basal beds of the Long lake series, which form a vertical cliff. Below 
these are the blue Bell shales, which weather back, leaving the limestone 
cliffs overhangnig. 

In the majority of sink holes the gi-eater part of the cliff is talus 
covered. Where the upper beds are exposed they are seen to be fine 
grained, very homogeneous limestones, with a smooth, somewhat conchoi- 
dal fracture, and spotted by scattered masses of calcite. These are 
granular, and appear to have replaced minute organisms. The rock is 
singularly barren of organic remains; only occasionally a coral or frag- 
ment of a brachiopod is found. It is for the most part composed of a 
fine lime mud, in which even stratification js not well marked. The rock is 
heavy bedded and broken by frost into large cubical blocks. The thick- 
ness of the stratum is about 10 or 12 feet. 



ANNUAL REPORT FOR 1901. 191 

Below this are six feet or moi'e of shales, frequently bituminons, and 
covered with alum efflorescence. They contain numerous small branch- 
ing Favosites and a few other fossils. Below this, limestones occur 
again, which, together with the bituminous beds and the compact lime- 
stone on top form the upper part of the beds seen in the walls of the 
great sink hole. 

B, — THE BELL SHALES. 

These shales are for the most part inaccessible, since they are either 
deeply eroded or covei*ed by drift deposits along their line of outcrop. 
From the well records we know their thickness to be about 80 feet, 
which thickness is pretty nearly constant over the northern part of the 
state. For some years the clay was dug north of Bell and manufactured 
into bricks. The works have, however, been abandoned for many years 
and the pits are full of water. Grand lake is undoubtedly underlain by 
these shales, or carved out of them, but no exposures are found. The 
only place where the shales may actually be seen is in the cliflE of the 
great sink hole before mentioned, of which they constitute the low^^ 
portion. They are, however, quite inaccessible. In color they are blue, 
like those of the Cement company's clay pit, and it is very probable that 
they contain the typical lower Hamilton faunas. The black Marcellus- 
shales are absent in this region, and hence we must not expect to find a 
typical Marcellus fauna. Rominger (p. 50) mentions an exposure of blue 
shales at the base of the bluff in Sec. 6, T. 32 N., R. 8 E., and gives a long 
list of typical Hamilton fossils from these. These beds apparently repre- 
sent the upper portion of the Bell shale. 

THE DUNDEE LIMESTONE. 

This limestone, which underlies the Bell shale, was struck in the . 
Churchill well at a depth of 444 feet. Its occurrence on Middle Island 
is noted by Rominger, who, however, refers it to the basal Hamilton. 
The following localities have been examined: 

Loc. 15, This is along the shore of Burnham bay, southwest of Presque 
Isle. No outcrops arje found here, but the beach is composed of rounded 
and subangular dark to light gray limestone pebbles. Chert is a common^ 
constituent of this rock, which probably belongs to this formation 
(representing the Corniferous limestone). 

Loc. 16. This is in front of Presque Isle light, along the shore of Lake 
Huron. A dark, somewhat shaly, apparently non-fossiliferous limestone 
crops out at the water's edge. This undoubtedly is the lower Dundee 
limestone (stratum 19), which probably forms the shore for a con- 
siderable portion of the county. 

Loc. 17. This is on the mainland, north of Presque Isle. The rock, 
though locally disturbed, chiefly by shore ice^ is undoubtedly in place, 
and represents the stratum overlying that which crops out in front of 
Presque Isle light. The rock is a very compact and uniform grained lime- 
stone, of a drab color, and sparingly fossiliferous. Almost the only 
fossil found in it was a large and rather smooth Paracyclas (P. elliptica). 

Loc. 36. False Presque Isle. Along the outer shore of this peninsula 
a compact limestone is exposed in low, flat slabs at the water's edge. 
Behind this are high beaches of limestone pebbles. The rock is sparingly 
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fossiliferous, and the following species have so far been recognized 
among those collected: Atrypa reticularis, Stropheodonta cf. demissa, 
Zaphrentie, Cystiphyllum, Euomphalus cf. decewi, Euomphalus cf. 
clymenioideSj Paracyclas elUptica. The last three species mentioned 
are characteristic of the Onondaga formation of New York and Ontario. 
They may be regarded as indicative of the Onondaga (Dundee) age of 
the beds in question. The same species are recorded by Bominger from 
Middle Island, and again from Oawford's marble quarry along the north 
shore. 

(THUNDER BAY SERIES) TRAVERSE UPPER SHALES AND LIMESTONES. 

There are fewer and less satisfactory exposures of the Thunder Bay 
or Upper Traverse series than of the lower series, owing chiefly to the 
less calcareous character of the strata of the upper series, which allowed 
deeper erosion. Fewer localities have been examined so far, hence the 
present report on the upper series will be less complete. The following 
localities are aiTanged in the ascending order of the strata : 

Loc. Ic, Dock street clay. This is the remnant of a clay 'or shale bed 
overlying the limestone of Loc. 1. In a test well on Dock street it was 
found to be about six feet deep. The following analysis of this clay 
was furnished by Mr. Monaghan, and represents a sample taken five feet 
below the surface : 

ANALYSIS OF DOCK STREET CLAY. 

SlOi U.80 (or calculating^ SiO» 56.80 

FesOs fill MgandCaas FesOs 5.11 

AlsOs 20.03 Carbonates) AlsOs 20.03 

CaO 1.08 CaCOs 8.58 

MgO 1.23 MgCOz 2.57 

Alkalies 5.65 Alkalies 5.66 

Loss by ignition 7.78 Loss by ignition 7.78 

Total 08.88 Total 101.27 

Overlying this clay shale is a thin bed of limestone from two to three 
inches in thickness, of which fragments are scattered about on the fields 
southwest of the quarries. This limestone in places is filled with a small 
variety of Cyrtina umhonata, which resembles in most respects the typical 
form of the species from Iowa." It is smaller, less robust, and with the 
beak less arched than is the case in the variety alpenensis, which is the 
most characteristic form of the higher strata. 

Loc. 21, Fletcher dam. This locality, formerly known as BroadwelFs 
saw mill and mentioned by Rominger under that name (loc. cit. p. 44), 
is on Thunder Bay river, in Sec. 7, R. 8 E., T. 31 N. At the Fletcher 
pulp and paper mill, a reef of the type found in Loc. 1, but less extensive, 
appears in the river bottom, and formerly caused a fall of several feet. 
The dam was built over this reef, and thus the strata at this point are 
not accessible. Large heads of Favosites and large specimens of Gysti- 
phyllum occur among the debris at the base of the fall. On the right 
bank below the dam, the strata dip about eight d^rees down stream. 
On the left bank of the race below the mill, about six feet of rock are 
exposed. The upper half of this is an earthy, gray, thin-bedded fossilifer- 
ous limestone, with beds perhaps three-fourths feet thick, and less. The 

>»See Pal. Iowa, pi. 5, flg. 2, 1858. 
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lower half is a bluish gray, calcareous siiale, with a sandy feel, and the 
appearance of a natural cement rock. This is full of what appear to be 
sun-cracks, and only occasionally contains fossils. Atrypa reticularis, 
Spirifer granulosus, 8. muci'onatus, and Ceratopora have been observed 
in it, besides fenestelloids. This shale is exposed for about 20 feet down 
stream, when the dip carries it below the water. The dip at the upper 
end of the race is five degrees east of south, which abnormal direction and 
large angle is probably due to the buried reef. 

In the race below the mill the lower strata have been uncovered, and 
the fragments thrown upon the bank have weathered and readily yield 
their fossils. This rock has the appearance of a limestone breccia in 
which the spaces between the limestone fragments are filled by masses 
of bluish gray clay. Both clay and limestone effervesce freely with 
dilute hydrochloric acid. It is essentially an old reef of Bryozoa and 
branching corals, among which Craspedophyllum archiaci and a small 
species of Ceratopora ( ?) predominate. Branching species of Favosites, 
and the large spreading masses of F. placenta and large heads of Favo- 
sites aVpenensis, var hillingsi, are common, and with them occur Strom- 
hodes alpenensis, Acervularia davidsoni, and occasionally Cystiphyllum 
vesiculoswn, Bryozoa of various types are abundant, but brachiopods 
are comparatively rare. Among those found are Spirifer asper, 8p, 
audaculus, Cyclorhina noMlis, and Atrypa reticularis. Crinoid stems 
are abundant, and heads also occur. Those noted are Dolatocrinus 
triadactylus and Dolatocrinus sp. 

The following analysis of the blue shale at Fletcher's dam (second bed 
from the top) was furnished by Mr. Monaghan: 

SiO, 21.54 

CaO 37.89 

MgO 1.26 

A1,0, 4.58 

FeO 2.37 

hoc. 24- Boom Company's dam. This locality is on Thunder Bay 
river, seven miles above Alpena and two miles or more above the pre- 
ceding locality. (Sec. 2, R. 7 E., T. 31 N.) The mill site was formerly 
known as Trowbridge's mill, and is mentioned under that name by 
Bominger (loc. cit. p. 44). Along the left bank of the stream the shales 
are exposed in a cliff about 15 feet high. The lowest beds are bluish 
sandy lime shales, breaking irr^ularly and having a sub-concretionary 
character. They weather brown, and leave much earthy residuum. Fos- 
sils are rare. In appearance these shales resemble somewhat the lower 
exposed beds of the Fletcher dam section, and both are not unlike the 
blue beds of the Warner brickyard (Loc. 25). Spirifer and small corals 
occur in it, and it shows sun-cracks similar to those of the blue shales 
of the Fletcher dam. The thickness exposed is about four feet, but the 
total thickness is probably much greater. 

This stratum is succeeded by a foot of grayish subcrystalline lime- 
stone, full of a small variety of Cyrtina umhonata, identical with that 
found in a similar bed overlying the clay of Dock street northeast of 
Alpena (Loc. Ic). Judging from the appearance of the rock and the 
fossils alone, these two beds may be readily correlated. That they are 
26 
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the same bed is, however, not proven. On the right bank of the river, 
below the dam, six feet of the bluish shales (which at times become some- 
what strongly calcareous, but generally have a distinct shaly character 
and show sun-cracks) are shown, overlain by the Cyrtina bed. Some of 
the upper beds of this blue shale series are of a more calcareous character, 
and weathered to a brownish color. They then resemble the upper beds 
of the Fletcher dam series, but they are quite certainly not equivalent. 

Above the Cyrtina bed, on the left bank, are again about six feet of 
bluish shales, similar to those below, but somewhat more fissile. These 
are practically unfossiliferous, as far as has been ascertained, and are 
overlain by calcareous beds which become more and more fossiliferous 
near the top. The upper beds are weathered, where they are uncovered in 
the building of a road, and here a large collection of fossils was obtained. 
Among the species abundantly represented are: Spirifer mucronatus, 
Athyris fultonensiSy Atrypa reticularis, Spirifer granulosus^ Pentame- 
rella dubia, Cyrtina Jumiiltonensis (small but robust type), Stropheodonta 
demissa, Cyrtina umbonata alpenensis. 

Among the rarer species are: Camarotoechia cf. dotis, Stropheodonta 
nacreay Cryptonella rectirostris, Eunella lincklaeniy Gonocardium, 
Pleurotomaria (several species), Phacops rana, Striatopora rugosa^ Pent- 
remites, tegminal spines of crinoids, etc. 

The relation of these shales to those of the preceding locality is not 
quite clear. Rominger considers them below those of Fletcher dam, and 
makes the former series about 50 feet thick. This relation is probably 
the true one, but needs verification. The great similarity of the Cyrtina 
bed near the base of this section to that found overlying the Dock street 
clay, suggests their identity. If this is the case, and the beds of the 
Fletcher dam overlie those of the present section, the lower part of the 
Thunder bay series, from the Alpena limestone to the coral bed of 
Fletcher's dam, is not over 70 or 80 feet, if as much. As will be seen 
from a comparison of faunas, there are good reasons for believing that 
the shales of the Warner brickyard (Loc. 25) are the same as those 
exposed at Fletcher dam. This correlation is, however, only a tentative 
one and requires verification in the field. 

Loc. 25. Warner brickyard. This locality is in the southwestern por- 
tion of Alpena, and about due northwest of Stony Point. The top bed 
here consists of about a foot of thin-bedded limestone, frequently with 
shaly partings, and quite fossiliferous, containing the following char- 
acteristic species: Dolatocrinus triadactylus, Striatopora rugosa, Codas- 
ter cf. canadensis y a large Fistuliporoid bryozoan (which is very com- 
mon), and Craspedophyllum archiaci.. This species occurs commonly in 
slender, isolated fragments, as at Fletcher dam, and associated with it 
is the small clustered Species of Ceratopora (?) found at that locality. 
Other species found in these beds are: Orthis (Schizophoria) cf. pro- 
pinqua (small), Rhipidomella vanuxemi (?), Atrypa reticularis (com- 
mon), Spirifer audaculus, Oypidula romingeH (young), Pentamerella 
papillionensis (?), Cyrtina hamiltonensiSy Stropheodonta cf. costata 
(rare), Cryptonella, Zaphrentis, Aulopora, Favosites alpenensis, Dendro- 
pora altemans, Fenestella, Loculipora. 

Below these calcareous beds are shales with occasional bands of argil- 
laceous limestone, the latter only a few inches thick. In the exposed por- 
tion the shales have weathered to a brownish gray, but lower down they 
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are blue. They are liighly fossiliferous, Bryozoa predominatiug. The 
following species have been noted : 

Athyria fultonensis (common), Atrypa reticularis, Spirifer, EunclUi 
sp.y StriatoporaJi rugosa, Dendropora altemans, Ceratopora, Dolatocrinus 
triadactyluSy Fenestella, Loculipora, other Bryozoa, Crinoid stems. 

The association of species suggests that these beds are the same as 
those exposed at Fletcher dam. This seems to be particularly indicated 
by the abundance of Craspedophyllum archiaci, which nowhere else has 
been noted in equal abundance. The beds of these two localities are 
provisionally correlated, but this correlation must be verified. They are 
in proper alignment along the strike of the strata. The following 
analysis of the blue shale of the Warner brickyard was kindly given me 
by Mr. Monaghan: 

ANALYSIS OF THE WARNER BRICKYARD CLAY. 



SlOs 54.46 

AljOs 17.26 

FefOs 4. 60 

CaO 6.60 

MgO , 2.82 

86.80 
DUTerence COa organic 
matter, alkalies and 

loss 14.20 



The same with the SiO« 54. 4G 

CaandMgcalcu- AI9O3 17. 2(; 

lated as carbonate. FesOs 4.66 

CaCOa ll.7'J 

MgCOs 5.92 



Difference largely or- 
ganic matter and 
alkalies 



94.00 



100.00 



5.91 
100.00 



Loc. 22. Stony Point. This is on the shore of Lake Huron, just south 
of Alpena and southeast from the preceding locality. The surface of the 
country over an acre or more exposes ledges of a gray, argillaceous lime- 
stone, with numerous weathered-out corals, chief among which are Cras- 
pedophyllum archiaci, Stromatopora, Favosites, Gyathophylhim traven- 
dense, etc. The rock extends perhaps 50 feet out into the lake, after 
which it is lost to view. Bominger mentions quite an extended list of 
fossils from this locality (loc. cit. p. 42>. As before noted, the Stony 
Point ledges lie 80 feet or more above the Alpena limestone. If, as there 
is reason to suppose from the correspondence of the faunas, the Stony 
Point and Fletcher dam limestones are equivalent, the shales and lime- 
stones included between the basal members at the latter localitv and 
those at the Boom company's dam must have a thickness of from 60 to 70 
feet, provided the Cyrtina bed at the base of the Boom company's dam is 
equivalent to that of Loc. 1 and, like it, not over 10 feet above the Alpena 
limestone. If this is the case, the beds which yield the rich brachiopod 
fauna of Loc. 24 lie about midway between the Stony Point and Alpena 
limestones. 

Loc. 23. Partridge Point. At this locality the highest beds of the 
Thunder bay series are exposed, the overlying black St. Clair shales 
appearing on Sulphur Island, southeast of the point. No exposures have 
been noted between this locality and Stony Point, and the character of 
the intervening strata, some 50 feet or more in thickness, is still unknown. 

The cliflf facing the lake at Partridge Point is about 12 feet high and 
covered with a foot or more of shell-bearing gravel. The upper beds of 
the series are poor in fossils, Spirifer mucronatus being about the only 
species found. The limestone of the upper four or five feet of the cliff is 
thin bedded and more or less lenticular, with shaly partings betwwn 
the layers. The beds consist mostly of irregular lenses a foot or more 
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in diameter and of unequal thickness. These limestones are dark bluish- 
graj on fresh fracture, but weather yellow and brown. They generally 
consist of comminuted crinoid stems and small corals (Favosites, etc.), 
with comparatively few brachiopods (Atrypa reticularis, Meristella ros- 
trata, Camarotoechia^ etc.). 

Three and a half to four feet from the top of the cliflE is a more or 
less continuous layer of Cystiphyllum, with occasionally other large 
rugose corals. This has been traced the entire length of the section, but 
the corals are most abundant near the middle portion. All the corals are 
prostrate. For about a foot above and below this layer, Pentremites, 
Codaster, Nucleocrinus, Dolatocrinus and Megistocrinus occur not 
infrequently. 

Among the limestone beds corals of the genera Favosites and Craspe- 
dophyllum are common, the former being represented by various species, 
including F. alpenenais and F. placenta of the type found at Fletcher 
dam. Craspedophyllum is represented by C. caespitosum and (7. archiaci. 
Cystiphyllum, Cyathophyllum and Stromatopora of various species are 
likewise common, and large heads of Syringopora are not infrequently 
met with. One of these measured over two feet in diameter. Bryozoa are 
also common. In some layers, particularly the shaly ones, brachiopods 
(Meristella rostrata, Cyrtina umhonata, Athyris fultonensis, etc.) pre- 
dominate, though these are never very abundant. 

The lower portion of the cliff consists of shales with thin-bedded 
calcareous layers. These are readily worn away by weathering and wave 
attack, and the more resistant beds above project. The undermining is 
a comparatively rapid process, and falls of rock masses from the cliff above 
occur almost nightly. 

The shaly layers contain few fossils, but the interbedded calcareous 
layers ai*e rich in them. Some of these latter appear to be made up of 
Bryozoa, particularly the frondose types (Fenestella, Polypora, Loculi- 
pora, etc.), and these are often beautifully preserved, not infrequently 
showing something of their original contour. Trilobites are rare, only a 
few specimens of Phacops rana having been found. 

The capping beds of the Traverse group of this region consist of a 
brownish granular dolomite of considerable hardness. These beds, 10 
feet of which are recorded in well No. Ill, — 1, are exposed along the shores 
of Thunder bay on the south side of Partridge Point. In the absence 
of fossils, it may be indifferently referred to either the Traverse or higher 
beds. It is here included in the former group. 

No exposure of the black shale has been found on Squaw bay, its 
occurrence there resting on the authority of Dr. Rominger. The shale, 
however, is prominently exposed on Sulphur Island. 
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LITTLE TRAVERSE BAY I^EGION. 

A. — WELL RECORDS. 

Only a few wells have been put down in the Petoskey or Little Traverse 
bay region, and of only one of these, the Charlevoix well No. 3, have I 
seen the samples. 

Bay View IVcZ?. 

Reported by H. P. Parmelee and A. J. Richards. Completed July, 1805. 

This well is 120 paces northwest from the door of the G. R. & I. R. R. 
Bay View station, V/2 feet above the bay, and 40 feet from the shore. 
The record is as follows: 

0— 4 Shingle. 
4—264 Cream limestone. 
264—462 Medium grey limestone 
462— 473A Dark limestone. 
473|— 496| 25 feet of cellular blue shale. 
Flow, 209 bbls. an hour. 

At 450 feet depth a hard stratum was found, in which only a foot and 
a half a dav could be drilled. Beneath this the water was struck. In all 
the rock, except this indurated bed, the drillings were from 10 to 12 feet 
per day. 

Petoskey Well 

H. P. Parmelee, Charlevoix; C. S. Hampton, G. S. Richmond, Petoskey, 
Drilled in 1888. 

This well is 33 feet north of the Chicago & West Michigan railroad 
station, near the end of Lake stret, Petoskey, and 180 feet from Bear 
river. A flow of sulphuretted water, relatively low in NaCl, was 
obtained. 

The well is drilled in an old drift-filled valley, or rock gorge, for rock is 
found in place five feet from the surface on either side. 

The following record was obtained: 

Feet. / 

to 30. Glacml gravel, etc. 

30 to 280. Limestone strata, highly fossillferons throughout the entire depth. The ftfUna 

Is nearly the same as that found In the surface bed. Color light gray, a few 
strata quite dark and much harder. 
280 to 205. Ten to 15 feet of blue shale, no fossils. Beneath this was a flow of quite pure 

water, somewhat charged with HfS. 
205 to 355. A neacly solid bed of Acerrularla limestone, without a trace of mollusca or 

other corals. Color light, often creamy white. 
355. A thin layer of gray lime rock of incoherent structure. 
855 to 435. Dark shale 80 feet In thickness, equivalent to Bell shale. 

435 to 555. About 120 feet of crystalline limestone (Dundee limestone) of same color* 

texture and composition throughout. 

Charlevoix Wells. 

Three wells were put down in Charlevoix within 50 feet of each other. 
I have examined the samples of well No. 3 and from it obtained the fol- 
lowing record.** The upper 230 feet were of unconsolidated material, 
showing the existence of an old buried valley under Charlevoix. 

46 See Water Supply Taper No. 31, p. 87. The beds down to 300 feet are rather dolomitic. L. 
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Record of Charlevoix well: 

to 230. Drift, subdivided as follows: 
to 6 feet. Sand. 
6 to 15 feet. Gravel. 

15 to 170 feet. Flhe sand. 
170 to 170 feet. Gravel. 

176 to 230 feet. Sand; quicksand at 214 feet. 
230. I<^ne-£rralned earthy limestone, effervescing with dilute HCl. It is identical in 

color and texture with bed f of Loc. 3v, but the characteristic plant remains 

of that rock are absent. It also agrees with some of the darker portions of bed 

g, Loc. 39. No fossils found in the samples. 
240. Gray limestone, agreeing in color and texture with bed e, Loc. 46. It effexrvesces 

freely with dilute IICl. No fossils in samples. 
250. Earthy or chalky, brownish, porous, much oxidized clayey limestone with a strong 

clay odor, being in fact in large part clay, but with suiflcient time to give it 

coherence, and cause free effervescence with dilute HCl. It corresponds in 

texture with the lowest bed of Loc. 48, but is darker and somewhat more porous. 

The same pieces when broken are of an ochre color. 
260. Dark gray argillaceous and somewhat shaly limestone, effervescing freely in dilute 

IICl. Similar to but more earthy than bed e, Loc. 36. 
270. Finely stratified shale, effervesces feebly with strong HCl. Compact in texture. 
280. Fossiliferous whitish limestone, containing Atrypa reticularis and other fossils. 

It effervesces freely with dilute HCl. 
200. White crystalline limestone containing considerable crystalline calclte. It carries 

fragments of Acervularia davidaoni. The rock is of the same type as bed g, 

Loc. 39, but is whiter than that rock and somewhat more crystalline. Some 

portions of the samples are compact and argillaceous. 
300. White chalky limestone, non-argillaceous, fossiliferous, and effervescing freely with 

dilute nci. 
315. Brownish, earthy and argillaceous limestone, with a strong day odor ; Bryozoa and 

' other fossils have been observed. It effervesces freely with dilute HCl. 
322. Gray calcareous clay of very uniform texture, partially oxidized. It effervesces 

freely in dilute IICl, but is nevertheless a good clay. 
330. Gray, compact calcareous clay rock, but of massive character, and effervescing 

freely in dilute IICI. 
335. Fragments of Acervularia davidaoni with the callces free from matrix, and evi- 
dently embedded in clay. No clay is, however, retained. 
345. Gray calcareous shale, mixed with pure white limestone, the latter containing 

Favosltes and Acervularia. 
350. Gray argillaceous limestone, and some white limestone, with fragments of Splrifer 

and Acervularia. 
355. Gray limestone. Acervularia davidaoni is abundant. Favosltes and Atrypa 

reticularis also occur. 
360. Gray, compact, semi -argillaceous limestone; fossils not observed, except crinold 

stems. Much shale is mixed with the limestone. 
367. Fragments of Acervularia davidaoni and Favosltes. 

370. Compact, gray, argillaceous limestone ; no fossils observed. It Is almost a clay. 
375. Fine-grained, compact, argillaceous rock, not unlike the lower beds of Loc. 42 or 

those of Loc. 43. 
387. Limestone and black shale. 

390. Gray argillaceous limestone with whiter limestone containing Acervularia. 
400. Chalky clay. Crumbles and soils fingers. Cream colored. 
402. Bluish gray clay, slightly calcareous, effervescing feebly with HCl. 
410. Compact, brown to gray limestone, weathering earthy. 
415. Cream colored calcareous clay, identical with the rock at 400 feet, 
420. Limestone similar to that at 410 feet. No fossils. 

430. Cream colored earthy clay, somewhat more calcareous than that at 402 feet. 
443. Brown banded limestone, mingles with black and gray shale containing Atrypa 

reticularia, etc. 
447. Bluish clay, non-effervescent. 
460. Same as preceding. 
470. Same as preceding. 
482. Same as preceding. 

No fossils liave boon observed in any of the samples of blue clay seen. 

B. — RECORDS FROM OUTCROPS. 

The outcrops studied are along the shore of Little Traverse bay, on the 
northwestern side of the Lower Peninsula of Michigan. It is from this 
region that the formation derives its local name. The outcrops are much 
less satisfactory than are those of the Alpena region, and the rocks are 
much less fossiliferous. The shore of the bay extends along the strike 
of the strata, and hence nearly the same beds are exposed in the various 
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sections. Only in the southwestern portion of the shore line, where the 
shore trends across the strike, is a rapid stratigraphic ascent made. 
Owing to the existence of a number of minor folds or undulations whose 
axis is normal to the strike of the strata, a number of beds which would 
otherwise be below the water level are brought to the surface. The thick- 
ness of the exposed beds is not much over 100 feet, while the total thick- 
ness is probably between 550 and 600 feet. The exposures begin about 
a mile and a half east of Petoskey, near Bay View, and extend with numer- 
ous interrruptions to near Norwood village, beyond which the Black 
shales appear on the shore. The total distance along the shore from the 
point of first appearance* to the final disappearance of these strata is 
over 30 miles. What the normal dip of the strata of this region is has not 
been ascertained. 

Log, 38. Opposite Bay View station. In the building of a road at this 
locality about four feet of limestone were quarried near the lake. These, 
with similar beds shown at the bottom of the bay, are among the highest 
beds of this r^ion. They are thin-bedded argillaceous and bituminous 
limestones, often with thin, shaly partings. Bituminous matter is com- 
mon, and the rock often smells strongly of petroleum. When weathered, 
as near the surface, it is porous, soft and friable, and deeply stained by 
iron hydrate. The fossils, Spirifer miicronatus, S, conaohrinus (?), Cyr- 
Una hamiltonensis, ^tropheodonta crratica, Productella, Bryozoa, etc., 
generally stand out in relief, being more or less silicified. Some slabs of 
the rock are covered with coarse intersecting ridges, of the thickness of a 
finger or less, which may represent casts of marine algae or may be those 
of large sun-cracks. They are unjointed, and cross each other at all 
angles. 

The same strata are shown in a cutting behind the beach, near the rail- 
road. The upper beds here are a fine, uniform-grained, non-fossiliferous 
rock, smelling strongly of petroleum. It has been weathered yellow and 
become very soft, being easily crumbled between the fingers. 

hoc. 39. Petoskey. In the first quarry, near the northeastern end of 
the section, the following succession of strata is shown. In the eastern 
end the dip is northeastward, while further west it is four degrees to the 
southwest : 

a. The lowest bed exposed is a dark, grayish-brown, fine-grained, 
friable limestone, freely effervescing in dilute HCl, porous and with a 
strong petroleum odor: 4'. 

h. Light, creamy-gray, fine-grained limestone, fi-eely effervescing in 
dilute HCl, soft and porous and with the stratification line marked by 
bluish bands occiirring at intervals. It contains a few pelecypods 
(Edmondia?) and occasionally Favosites: V. 

Between this and the next overlying stratum is an inch or two of slialy 
matter. 

c. Porous, fiue-gi'ained limestone, weathering dark brown. Near the 
western end of the quarry it constitutes the lowest bed: 3.5'. 

This bed is separated from the one next above by three or four inches 
to a foot of shaly rock. The shaly partings are frequently carbonaceous, 
thin films of the coaly matter covering the lamimne. No plant remains 
have been identified. Bed c is much like bed a. It contains similar car- 

* For the position of the relative outcrops see the map. Plate VIII. 
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bonaceous films, and has also a bitunnnous odor. It is very soft and 
friable in places. 

d. Lighter colored limestone, similar in all i*espects to bed b. No 
fossils found. Stratification is well marked, and bituminous films are 
common : 3.75'. 

t\ Similar rock, but filled with small masses of Stromatopora. The 
aspect of this mass is that of a bi*eccialed limestone, or like a conglomerate 
in which the pebbles are fragments of coralline. Where the rock has been 
exposed to the weather for some time it is rough surfaced, with numerous 
solution hollows: 2G'. 

In some parts the lower four or five feet are like the rock below, — 
massive and uniformly fine-grained, with few or no fragments of Stroma- 
topora. In most places, however, the rock is full of this fossil throughout, 
being in fact a coral breccia. The Stromatopora fragments are of all 
shapes and sizes, often angular, and so far as observed never entire. A 
fragment, with the abruptly cut-off layers of growth, is illustrated in the 
annexed figure. Solution seems to have gone on to a considerable extent 
in these heads before they were buried by the coral sand which now forms 
the limestone. Cracks and solution cavities are not uncommon in the 
coralline masses, and these are filled by the coral sand. 



Fig. 3. Scotlon of a worn Stromatopora hoad. 

The Stromatopora are not the only fossils, (\vathophylloid corals, 
Favosites, (.^onocardium and others have been found, and are sometimes 
common. 

The majority of the Stromatopora masses lie overturned, or in some 
other abnormal position, which clearly indicate motion. The matrix in 
which the masses of coral are embedded is of a sugary character, rather 
soft and crumbling, and effervesces fret»Iy in dilute HCl. The fossils 
which it contained are mainly dissolved out, and the cavities often lined 
with calcite crystals. Xo analyses have been obtained,* but report credits 
this rock with a high per cent of CaCO,, which in some instances 
approaches 100. Some specimens of Atrypa reticularis have been obtained 
from the upper portion of this stratuuK This stratum may be traced 
along the railroad track to within a short distance of the railroad station. 

• Tbe following commercial analysis was published by E. R. Sly : 

CaCOj 01 as 

MgCOs 4.00 

Balance 4.70 

100.00 



Mr. H. F. Parmelee saya that it runs up to 06 per cent L. 



• 
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/. Oveplying the Stromatopora bed is a cream-colored limestone, which 
appears much shattered in the clifif. Fallen blocks, which appear to be 
from this bed, are of an earthy, rather argillaceous character, effervesce 
freely in dilute HCl, and contain numerous carbonaceous films represent- 
ing narrow, reed-like plants. Other fragments, apparently from this 
bed, contain Favosites, but rarely other fossils. The bed is inaccessible. 
Estimated thickness, 4.5'. 

g. This is the highest bed in this section. It consists of a granular 
lime-sandstone* of a sandy feel, and effervesces freelv dilute with HCl. It 
is somewhat darker than the rock below and contains numerous large 
coral heads, which apparently grew where they are now found. Diphy- 
phyllum panicum makes up the greater portion of the bed. It occurs in 
abundance at the foot of the cliff, and must have fallen from above. The 
species appears to be restricted to this bed. Associated with it is Cysti- 
phyllum and Favosites, while Atrypa reticularis and Gypidula romingeri 
also occur, though sparinjgly. The thickness of this bed is estimated at 
o.C. The top of the cliff is formed by a layer of stratified sand several 
feet in thickness. 

The total exposure of rock in this section is 50 feet. 

These beds are the Stromatopora beds of Winchell, who considered them 
the lowest of the series. Rominger, on the other hand, considered them 
as belonging to the higher members of the group, and with this view I 
concur. As will be shown below, the name Stromatopora beds is not 
applicable to other exposures of this series, where the prevailing coral 
is Acervularia, while in some portions fossils are entirely absent. The 
name Petoskey limestone is more serviceable for purposes of correlation, 
since these beds are so finely exposed at Petoskey. Moreover, beds at a 
lower horizon are fully as rich in Stromatopora, and would equally well 
deserve the name. 

Lor. IfO. About a mile west of the mouth of Rear creek, ledges are 
exposed at the water edge, consisting of a thin-bedded, fossiliferous lime- 
stone. The lowest beds seen are somewhat shaly in character and are 
crowded with large shells of Stropheodonta nacrea. Associated with them 
is Spirifer mucrontitus, which is likewise abundant. Overlying these beds 
are gray limestones containing Acervularia davidsoni, Favosites and 
crinoid stems, besides other fossils. Next above these limestones gray, 
calcareous shales occur again, in which Stropheodonta nacrea is the pre- 
vailing species, Spirifer mucronatus and Atrypa reticularis occur with it. 

These beds are so well characterized by the prevailing fossil, Strophe- 
odonta nacrea, which is an easily recognized form, that for purpose of 
reference I shall call them Stropheodonta nacrea beds. They will be 
referred to again in other sections, where they are apparently exposed 
again. These ai*e the lowest of Winchell's "Tropidoleptus beds" (loc. cit. 
p. 42), the upper beds being those of locality 41. In the supplement to 
his report. Professor Winchell changes the name to Bryozoa beds, since 
the supposed Tropidoleptus proved to be a Stropheodonta {8. erratica). 
Winchell assumed that these beds and those of the next locality, which 
overlie them, were stratigraphlcally above the Stromatopora beds of 
Petoskey. This is probably an error, for the well sections show the upper 
beds of this region to be of the type exposed in the Petoskey quarrieia. 

* The term llme-Bandstone Is used throughout for rock made up of coral sand, I. e. a 
fragmental limestone. 

26 
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These beds furthermore appear to underlie those carrying the Acer- 
vularia clays (Acervularia beds of Winchell), since a continuous section 
at Loc. 46 from these clays into the Petoskey limestone does not reveal 
them. \ 

Loc. 4i' About one and one-half miles west of the mouth of Bear creek 
is a low bluflf, about twelve feet in height, and extending for several hun- 
dred feet parallel to the shore, and a short distance behind it the cliff 
shows gray, fine-grained limestone beds with shaly partings, often several 
inches in thickness. These limestones contain Acervularia davidsoni, 
Favosites cf. alpenensia, Atrypa reticularis^ Stropheodonta nacrea (of 
large size, occurring chiefly in the more argillaceous portions of the rock) , 
Pentamerella cf. duhia^ and Spirifer rnucronatus, besides Stromatopora 
and other fossils. The black parting shales contain Pterinea flahellum, 
StropJieodonta eiTatica, and Modiomorpha. The limestone is dark-gray, 
fine and uniformly grained, weathering to a light-gray color. It 
effervesces freely with dilute HCl, and has an argillaceous odor, a clayey 
residuum remaining on weathering. The masses of coral in it are gen- 
erally more or less worn, and the contact between them and the matrix 
is a sharp and regular one, showing that the fragments have been rolled 
about and worn smooth. This shows that at least some of the coral heads 
were dislodged from their anchorage, and marks this limestone as probably 
formed on the outer portion of the growing reef. 

The dip of the strata is as high as ten degrees to the northeast. This 
is near the southwest end of the bluff; in the northeastern end the dip is 
more nearly horizontal. 

These beds are No. C of Wincheirs section, with possibly a portion of his 
higher beds. 

Loc. 42, This locality is described by Winchell as situated in the S. W. 
i/i of Sec. 2, T. 34 N., R. 6 W., Loc. 861.' The section begins about two and 
one-half miles west of the mouth of Bear creek, and between it and the 
preceding locality is a long, high drift-bluff, with no rock exposures. The 
bluff at the eaatern end of the section is about fifteen feet high, and at its 
foot is a talus of four or five feet. The highest bed of the section is 
exposed at the eastern end and is designated bed I. The succession from 
above downwards is as follows : 

421. The upper beds of the section consist of a bluish calcareous shale, 
which weathers into a brownish-gray clay and contains many fossils, 
which may be collected on the talus. Chief among these are Spirifer 
axidaculus, a small but strongly spinous species of Productella, Atrypa 
reticularis, St^vpheodonta crratica, Favosites alpetiensis, Acervulana 
davidsoni, Cyathophyllum, and Hederella ; also from blocks probably from 
this bed : Cyathophyllum travcrsense, Qypidula romingeri, Phacops rana, 
Craspedophyllum archiad, Platyceras, and others. Thickness, 4'. 

42H. Next below this is a limestone with shaly partings between the 
beds, especially in the lower portion. It contains numerous corals, among 
which Acervularia predominates : 6'. 

42G. Next below this and forming the lowest bed in the eastern por- 
tion of the cliff, is a gray, porous J ime-sandstone. consisting of fragments 
of brachiopods and other organisms finely comminuted. It is somewhat 
petroliferous and has a sandy feel. Stropheodouta erratica and other 
brachiopods and a few corals have been observed in it : f/. 



i 
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The dip of the strata in this region is from five to six degrees to the 
northeast, i. e., towards Petoskej. 

These strata may be traced westward for half a mile or more to Rose's* 
quarry, where a deep section is opened, exposing the lower members of 
this series. Before reaching the quarry, bed G and the overlying ones have 
been cut oflf owing to the steady westward rise of the strata. At the 
quarry the axis of the low anticline in which these beds are involved is 
located, beyond which the strata dip westward. At the axis the upper 
beds have been worn away down to the blue clay, bed D. 

42F. Blue clay, rich in fossils. In every respect except thickness like 
bedD: %\ 

42E. Limestone with Acervularia, cup corals, and other fossils, which 
occur chiefly near the top of the bed, where it is more shaly. The limestone 
is dark-gray, fine-grained and crystalline: ll^^ 

42D. Blue, highly fossiliferous clay, rich in fossils, among which the 
following are the most characteristic: Acervularia davidsoni*"^ (well- 
preserved, complete heads up to six inches or more in diameter), Cyatho- 
phyllum tr aver sense, and Favositcs alpenensis often in large heads. Other 
species of common occurrence are Stropheodonta costata, Pentamerella 
cf. papillionensis, Athyna fultofiensis, Terehratula traversensiSy Cyrtina 
hamiltoncnsis, Eunella lincklaeni, Atrypa reticularis, and a number of 
others. The thickyess of the clay is 3'. 

This is the bed more particularly designated as Acervularia bed in 
WinchelFs section. 

42C. Shaly argillaceous blue limestone, sometimes in several layers 
near the top, with thin shale partings: 2^ 

42B. Compact, creamy-gray, fine-grained limestone with conchoidal 
fracture. This- contains numerous heads of Stromatopora, all apparently 
perfect, and ranging in size up to two or three feet. The rock is much 
shattered and looks concretionary, owing to the presence of the Stroma- 
topora. The latter is generally surrounded by a film of carbonaceous 
matter, which appears to be the original animal matter. At the top of this 
stratum, and also at intervals within it, are thin beds of black car- 
bonaceous shales (sometimes stained brown by iron hydrate), and full of 
flattened shells of Stropheodonta erratica, with a few other fossils. The 
thickness of this stratum is about 5^ 

42A. Cream-colored limestone similar to the preceding, but lighter 
colored. It is fine-grained, compact and with conchoidal fractures, and 

* Now property of Michigan Lime Co. 

47 The statement is frequently made that oui* species. Identified with the European Acer- 
vularia david%oni, R. ft FI., has no secondary wall, and that hepce our species is not Acervularia. 
Romlnger placed it under Cyathophyllum, while Simpson (Bull. N. Y. State Museum No. 39. 
1900, p. 218) has originated the new genus Prlsmatophyllum, with Cyathophyllum rugoaum 
as the type, and placed this species under it. It is true that there is no real secondary wall 
In our species, the appearance of such a wall being produced by the uniform arrangement of 
a circle of dissepiments, and the stoppage of the shorter septa at this point. But this is 
also true of typical European species. In which the longer septa and often the ends of the 
shorter septa also pass beyond this wall of cysts. Whether such a wall Is or is not the 
morphologic equivalent of the secondary wall of Craspedophyllum and Diphyphyllum, where 
the septa do not extend beyond that secondary wall, does not affect the question as to the 
generic equivalence of the American and European species. If we regard the prismatic species 
of Cyathophyllum as congeneric with Acervularia as represented by American species, — as 
Rominger, Simpson and others have done, — all of these species should be placed under the 
genus Acervularia, and Simpson's generic name Prlsmatophyllum becomes a synonym. I 
believe that Simpson Is right In separating the prismatic species generlcally from Cyatho- 
phyllum. The name Acervularia dartdaoni has been retained for the present for our species, 
leaving the exact generic and specific determination for future investigation. 



204 BOARD OF GEOLOGICAL SURVEY. 

effervesces freely with dilute HCl. A few specimens of Favosites and 
other fossils have been seen. The beds are from one to two feet thick, and 
some of them are separated by thin bands of brown, bituminous shales. 
Thickness exposed, about 8^ 

These beds, though in some respects similar to the limestone of Petos- 
key, are from fifty to a hundred feet below it. The abundance of Stroma- 
topora in bed B might lead to a confounding of these two beds the one with 
the other. In the present bed the Stromatopora heads lie in normal and 
apparently undisturbed position, while those of the Petoskey limestone are 
nearly always worn and fragmentary. 

Loc. J/3. Nathan Jarman's quarrv, Petoskev. The location of this 
quarry is in the N. W. 14 of the S. W. i/i of Sec. 6, T. 34 N., R. 5 W. This 
quarry was opened in the hillsides above Petoskey at an elevation of 
about 80 feet above the lake, and distant from it about half a mile. The 
succession is as follows from above down : 

43B. Light gray, compact limestone, much shattered in the quarry 
and in places thin-bedded, with occasional thin carbonaceous films. The 
rock has a conchoidal fracture, and effervesces freely in dilute HCl. No 
crystalline structure is sho^vn under. the microscope, the mass being 
extremely compact and fine-grained. Fragments of organic remains and 
calcite veins occur. Thickness exposed, 12'. 

43A. Darker, fine-grained, somewhat more crystalline limestone, with 
petroleum odor : 6'. 

Below this are other beds of similar qualit}', with some carbonaceous 
films. 

These beds probably repi'esent the lower portion of the Petoskey lime- 
stone, similar to those shown in the quarry at Petoskey. At the shore 
below this point the beds of Loc. 41 are exposed. The interval between 
these beds appears, therefore, to be in the neighborhood of a hundred 
feet, — ^taking into consideration the southward dipping of the strata over 
the half-mile interval. 

Loc. JfJi. About a third of a mile west of the point where section 42 was 
measured (Rosens quarry), limestones crop out on the beach. 

1. The first beds seen are apparently at some considerable depth below 
the limestone 42A. It is a dark, crystalline but fine-grained, compact 
limestone, with brachiopods (Atrypa reticularis, etc.) sparingly repre- 
sented. It dips 10 degi-ees northeast. 

2. Ledges are shown at intervals under the water of the bay, in going 
westward. Those clearly belong below the preceding. Some five feet or 
more of these limestones are shown in a series of low anticlines. About 
half a mile further west, the foUowfng section has been oi)ened in a small 
quarry on the shore : 

A. The lowest beds are gray, crystalline and somewhat fossiliferous 
limestones, rather shaly in the upper portion, and containing large heads 
of Acervularia and Stromatopora, over which the strata arch as on Thun- 
der Bay Island. Some thin layers of black, bituminous, shaly limestone, 
with a strong petroleum odor, occur towai'd the top : 18 in. 

B. Limestone similar to A, in beds from G inches to a foot in thickness. 
No coral heads seen : 3'. 

0. Beach material. 

Along the beach occur many slabs of shaly limestone containing Stro- 
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pheodonta nacrea in abundance. These are from ledges near by, but 
probably submerged. 

For perhaps two miles along the shore, rock is exposed at the water's 
edge, with a few interruptions by sand and shingle beach. The dip of 
these strata vary in direction and amount, disclosing many small anti- 
clines. Along a portion of this distance the dip is toward the shore 
at an angle of nearly 10 degrees. As the shore is along the strike of 
the strata, no great stratigraphic ascent is made. The Stropheodonta 
nacrea beds are represented by fragments all along the beach, and the 
beds are occasionally in place. Limestones with Acervularia and occa- 
sionally Stromatopora and Favosites, as well as other corals, crop out 
continually and appear to be closely related to the Stropheodonta nacrea 
beds. The total thickness of beds exposed appears to be not much over 10 
feet, though this estimate may be far short of the truth. 

The Str. nacrea beds of this locality are dark-gray, argillaceous, thin- 
bedded, shaly limestones, crowded with the 8, nacrea, which is of large 
size. Spirifer mucronatus occurs with these, but other fossils are rare. 
The similarity of these beds to those of Loc. 40 is very striking, both in 
lithic and faunal characteristics. In both localities shaly strata, crowded 
with Stropheodonta nacrea and containing Spirifer mucronatus, are asso- 
ciated with limestones carrying Acervularia and Stromatopora. There 
are probably several alternations of such beds, aggregating a thickness of 
perhaps some 10 or 20 feet, or perhaps more. But I do not think that there 
is more than one horizon in this group where these strata occur. If the 
correlation of these strata with the bcnls of Loc. 40 is correct, it is prob- 
able that the lower bed (A) in the quarry on the beach is the equivalent 
of bed A of Loc. 42. The occurrence of Stromatopora in situ suggests 
this equivalency. 

It must, however, be borne in mind that correlation of beds in isolated 
outcrops, and with only a few paleontological characters to relie on, is 
a very unsatisfactory matter, and the correlations here made should be 
considered as tentative and subject to revision. 

Loc. 45. This is about half a mile east of the next locality, and is a 
cliff 10 or 12 feet high, with the base talus covered. The upper portion is 
a shattered drab limestone with numerous heads of Acervularia and 
Stromatopora, some of which are very large. The rock closely resembles 
bed B of Loc. 42. Below it is a similar though more compact rock. It 
co^tains black carbonaceous seams, which appear more particularly near 
the top of the bed. The cliff is nearly continuous with that of: 

Loc. 46. This is at the Bay Shore Lime Company's first quarry. It is in 
Emmet county, four miles west of Petoskey or two and one-half miles 
east of Bay Shore. The locality is that described by Winchell under 862 
(p. 45) , and located in the S. W. l^ of Sec. 4, T. 34 N., R. 6. W. Rominger 
also described this section (p. 57). The following is the succession, from 
the top downwards: 

46K. Blue clay covered by drift, fossils not observed. 

46J. Limestone, compact, dark and somewhat argillaceous, with Stro- 
matopora and Acervularia, the former chiefly in the upper portion. All 
lie with their longer diameter parallel to the stratification, and are usually 
broken and worn. They are frequently overturned, and in general are 
much like the rock of Rose's quarry at Petoskey (Loc. 39) : 16'. 

This rock is burned for chemical works, the burning being from 9 to 12 
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hours, and on the average 750 barrels are burned per week. The rock 
effervesces freely in dilute IlCl. The dip of the bed is 5 degrees east. 

46H. Blue clay with Acervnlaria davidsoni, Favosites alpenensiSy Stro- 
pheodonta crratica, and many other species of the same type found in 
421), to which bed it is undoubtedly equivalent: 1^1'. 

46G. Compact limestone like 401, with Favosites, Zaphrentis, etc., well 
stratified : li/o'. 

46F. Black carbonaceous shale with Favosites, etc. : 2 in. 

46E. Compact gray limestone with Zaphrentis, Favosites, and com- 
plete heads of Stroma topora : 1'. 

46D. Black carbonaceous shale, fissile, with Stropheodonta erratica: 
5 in. 

46C. Stromatopora bed with large heads from two to three feet in 
diameter, mostly perfect and commonly covered on their upper surfaces 
by a carbonaceous film. Small Favosites and a few other corals also 
occur. This is the equivalent of bed B of Rose's quarry (Loc. 42). In 
some parts it is a regularly stratified limestone with scarcely any Stro- 
matopora : 8'. 

B. Black carbonaceous shale ; no fossils seen : 1 to 2 in. 

A. Compact limestone, with broken and worn fragments of Stromato- 
pora lying in all positions ; in beds from one to two feet thick, separated 
by carbonaceous black shale 2 to 5 inches thick ; exposed 4-5'. 

Loc, 47. Bay Shore Lime Company's second «quarry, near Bay Shore» 
This locality is in the Buff Magnesian beds of Winchell, which he sup- 
posed to be next to the highest in the series. In this he wajs correct, but 
he erroneously placed these, and the underlying Acer>Tilaria and Bryozoa 
beds above the limestones of Petoskey (the Stromatopora beds). There 
can be little doubt from the present more satisfactory exposures, and the 
well records, that the '"Stromatopora" and "Buff Magnesian" beds are 
equivalent. This equivalency was held by Rominger. 

The cliff in the quarry consists of about 12 feet of porous, dolomitic, 
brown limestone, which effervesces feebly with strong HCl and gives off a 
strong petroleum odor. Under the microscope it shows a finely crystalline 
structure, the crystals being stained by iron oxide. Apparently over- 
lying this rock, but only exposed at one locality, is a coarsely crystalline 
limestone, loose textured and consisting largely of fragments of crinoid 
stems. The cliff continues, with slight interruptions, to Bay Shore. 

Loc, Jf8, This is the third quarry of the Bay Shore Lime Company, at 
Bay Shore, and forms the end of the Khagashewung Point section of 
Rominger. The following section is opened in the quarry, the thickness 
of the upper beds being estimated : 

Drift 6—10 ft. 

48 f . Brown earthy dolomite ( ?) 6— 8 ft. 

e. Drab dolomite ( ?) breaking with square blocks 3 ft. 

d. Yellow saccharoidal dolomite (?) : 2 ft. 

c. Grey dolomitic limestone like (e) 2 ft. 

b. Grey banded saccharoidal dolomitic limestone 10 ft. 

a. Brown earthy limestone, effervescing freely in dilute HCl 10 ft. 

36 ft. 

The porous earthy beds usually give off a strong petroleum odor when 
freshly broken. No fossils have been observed in any of the beds during 
the hurried examinations made. 

The dolomitic character of the upper beds of this series has not been- 
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verified as yet by chemical tests. Some of them may be limestone. Bomin- 
ger, however, gives an analysis of one of these beds (exact position not 
given) which proves that some of them are at least good dolomites. The 
analysis gives: 

Per cent. 

CaCO, .' 58 

MgCO, 38 

A1,0, ) 15 

Insoluble residue chiefly SiO, 0.5 



98.00 



A number of exposures occur between Khagashewung Point (Bay 
Shore) and Pine River Point, three miles west of Charlevoix pier. These 
have not been studied as yet. A description of some of these is given by 
Rominger, from which it appears that the Stropheodonta nacrea beds 
crop out again. 

Loc. 49. Pine River Point, three miles west of Charlevoix pier, is 
located in the N. W. i/4 of Sec. 28, T. 35 N., R. 8 W. 

The limestones first appear on the beach in low anticlines, and are of 
a compact texture and dark color. They contain few fossils in the lower 
part, but higher up Favosites cf. alpenensis, Acervularia davidsoni, Atrypa 
reticularis, Spirifer, etc., are found. Beyond this are low cliffs, not more 
than five feet high, and rising to a height of 10 feet above the lake. They 
consist mainly of shaly limestones, with an occasional hard, compact bed 
less than a foot in thickness. The shaly beds are rich in fossils, especially 
Stropheodonta nacrea, while Spirifer mucronatus and Atrypa reticularis 
are likewise abundant. Another common species on certain layers is 
Chonetcs emmetensis. This is closely related to Chonetes mucronatus 
which is characteristic of the Marcellus and lowei: Hamilton shales of 
Xew York. Other fossils observed in these beds are Proetus sp,, Para- 
cyclas lirata, Tropidoleptus carinatus ( ?), Actinopteria decussata, Avicu- 
lopecten cf, insigniSy and other pelecypoda. 

The highest exposed beds of Pine River Point contain Stropheodonta 
nacrea and Spirifer mucronatus in great abundance. Some layers are 
made up of the comminuted remains of crinoid stems. Atrypa reticularis 
is common, and other fossils observed are Pentamerella duhia (?), Stro- 
pheodonia costata, Spirifer sp., Qomphoceras, and Cyrtoceras ( ?) . 

The extreme abundance of Stropheodonta nacrea and the constant 
association with it of Spirifer mucronatus suggests that we have here 
another outcrop of the S. nacrea beds of Loc. 40. As these beds are 
regarded as the lowest exposed in this region, probably not far overlying 
the blue shale (Pell Shale) of the well records, it is of interest to note 
the abundance of Chonetes emmetensis, which, like its eastern repre- 
sentative, C. mucronatus, appears to be an essentially lower Hamilton 
fossil. 

A short distance farther west, in an old quarry, about 15 feet of shaly 
limestones are exposed. The shaly layers have their surfaces covered 
with fronds of Stictopora incisurata, and with this occurs Chonetes emmet- 
ensis in great abundance, some layers of the shale being covered with this 
shell. Stropheodonta nacrea and Spirifer mucronatus are abundant and 
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of the strata is 5 degrees to the south. Tl^e following succession has been 
determined : 

A. The lowest exposed stratum has its upper surface about 5 feet 
above the water level. It is an argillaceous, shaly limestone, thin-bedded, 
and weathering a dark color. Near the top it contains specimens of 
Favosites, whiclf were generally broken or worn before they became 
embedded in the rock. With them occur Atrypa reticularis. Thickness, 
2 to 3'. 

B. Compact, fine-grained dark limestone in beds varying from 2 to 6 
or even 12 feet in tMckness, and containing lenticular nodules of chert, 
the nodules sometimes nearly a foot thick : 3^ 

C. Slaty limestones and slates, very fissile, in beds up to a foot in 
thickness, and separated by beds of banded chert 1 to 2 inches thick. 
Thickness about 5^ 

D. From the point where the top of bed B dips below the water to the 
point where the top of .bed D dips below the water, is about 300 feet. 
This, with a dip of 5 d^rees, gives a thickness of about 26 feet for beds 
C and D, or of 21 feet for bed D. The top of the stratum shows beds 
whose surface are ripple-marked (oscillation ripples) and marked by 
sun-cracks. These beds are argillaceous limestones, readily efifervescing 
in dilute HCl. Estimated thickness, 21'. 

E. Shaly limestones similar to A, but more fossiliferous, containing 
Spirifer cf. eatoni^ Cyathophyllum, Ooniophora, and other fossils. Thick- 
ness, 5\ 

F. Gray drusy dolomite, finely crystalline, and efifervescing only on 
powdering, with strong HCl : 5'. 

O. Darker dolomite, compact but crystalline, and containing fossils 
which are weathered out in relief and cavities from which pyrite con- 
cretions have weathered out. The cavities are stained by iron hydrate, 
and besides these there are numerous drusy cavities similar to those 
in F. Near the middle of bed G is a half-foot bed full of a small, 
undetermined cylindrical bryozoan. Stromatopora, Favosites, and a few 
other fossils also occur. Beds F and G are practically inseparable. Thick- 
ness, 4.5'. Total thickness, 45.5 — 46.5'. 

These are the chert beds of Winchell, and Bominger describes these 
on page 60 of his report. Winchell gives 26 feet of strata ; Bominger says 
about 25 feet. According to our measurements, which take account of 
the strong dip, the total thickness of these beds is fully 20 feet more. 

Bominger gives the following analysis for the drusy dolomite of this 
section : 

Per cent. 

CaCO, 56.00 

MgCO, 39.00 

A1,0, and Fe,0, 2.8 

SiO, 0.4 

98.2 

About half a mile south of the pier at Norwood the black^^ shales appear 
in low cliflFs on the shore, gently dipping southward. 

^It Is this oatcrop referred to by Winchell in 1860, p. 72. and eren earlier in '^he first ^ 

snirej In 1841. H. D. No. 27, p. 108, by C. C. Douglass, which has led me, when informed by 
the U. S. Surrey that the name St. Clair, which I had hitherto used, had been prerlously used 
In another sense, to apply the term Antrim to the shales lying above the TraTerse, ap to the 
Berea Grit, since they are well exposed here in Antrim county. — ^Lane. 

37 
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THICKNESS OP THE TRAVERSE GROUP OP LITTLE TRAVBBSB BAY. 

In the Baj View well about 470 feet of limestones are shown above the 
blue clay. In the Petoskey well 325 feet are shown above the clay which 
is there found to be 80 feet thick. A 10 to 15 foot be^ of blue clay was 
found at a depth of 250 feet below the surface of the limestone, or 75 feet 
above the blue clay at the base of the series. It is probable that this clay- 
is the Acervularia clay, the well striking it at a point where fossils were 
scarce, since the record mentions no fossils. The thickness given is per- 
haps too great. Below this "a nearly solid bed of Acervularia limestone" 
was recorded. This appears to be. the limestone exposed at the base of 
section 42, which often contains Acervularia. 

In the Charlevoix well, as before stated, about 100 feet of the Petoskey 
limestone are exposed, below which the Acervularia clays occur, as shown 
by the perfect calices in the fragments of A. davidsoni and Favosites. 
Eighty feet below this, or about 110 feet below the first^ appearance of 
Acervularia in the well section, is the top of the blue shale. The record 
of the Charlevoix well is the most satisfactory, because the fragments 
from 5 to 10 feet intervals were carefully preserved. I shall consider the 
bed at 335 feet depth in the well, in which the fragments of Acervularia 
with perfect calices were found, as the Acervularia clay exposed in some of 
the sections. This would then give us a total of 110 feet for the lower 
strata below the Acervularia clay. 

Putting together the records from the three wells, and from the 
exposures^ we have the following succession and thickness of strata, which 
may be considered as a tentative summary of our knowledge of these 
beds: 

Feet. 

Antrim black ehale 

Chert beds 45-«) 

Petoskey limestone (the Stromatopora and the Buff Magnesian of Winchell) 360 

Acervularia and Stropheodonta naorea beds (Bryozoa beds of Winchell) 110 

Basal shale (Bell shales) 80 

Total 600 

It thus appears that the thickness of the Traverse group throughout the 
northern portion of the southern peninsula of Michigan remains very 
nearly uniform. In the western region, mostly limestones were deposited^ 
the shale being limited to the 80 feet basal layer, and to a few thin bands 
occurring at intervals. In the eastern area shale bands were more 
prominent, occurring at intervals in considerable thickness. 

From our present limited knowledge of the faunas, correlation of the 
beds in opposite sides of the State is impossible. We may perhaps say 
that the Petoskey limestones and dolomites are, in general, the time 
equivalent of the Alpeua limestone and the limestones of Thunder Bay 
Island. But beyond this little can be attempted in the way of correla- 
tion. The basal shale layer (Bell Shale) is of course an exception to this, 
for from its constant thickness it gives us a very clear and sharply- 
defined base for the Traverse group wherever it occurs in this portion of 
the lower peninsula.** 

49 It is also recognizable to the south. — L. 
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DEEP WELLS AND PROSPECTS FOR OIL AND GAS. 

Every time of prosperity brings extra activity in explorations of all 
kinds. These in Michigan take largely the shape of drilling, — mainly with 
the diamond drill in the upper peninsula; with the churn drill in the 
lower. 

Drilling for coal has not generally been over 400 feet deep; for salt it 
has Varied from 800 to 2000 feet, whfle for oil it is liable to be any depth 
and not infrequently over 2000 feet. A perceptible fraction of ray time has 
been occupied in studying samples and answering correspondence before, 
after and during the drilling of these wells. I have taken special pains in 
the collection of data regarding these wells, because if they are not col- 
lected at the time they are likely to be forever lost, and at my own expense 
have subscribed to the Michigan Press Clipping Bureau that none might 
be completed without iny hearing about it. It has done good service, and 
I think should be continued from the appropriation. 

In the fifth volume of our reports, Vol. V, Part II, p. 85, I called atten- 
tion to the prospects for oil and gas, and the beds and areas most likely 
to contain them, according to the information available to me at that 
time. In that report, and the sections at the end certain anticlinals were 
somewhat vaguely indicated. The recently issued coal report gives one 
section which if correct would indicate an anticlinal beneath Saginaw 
and between Lansing and Owosso, and to these I have called attention 
in the public press. Dr. C. H. Gordon's report was received so late that 
it had to be relegated to the end of the report, and only this reference 
to it inserted here. It is an important paper, for besides the anticlinal 
somewhere north of Mount Clemens, which I refer to below, he has 
located an anticlinal close to Port Huron. As Prof. Russell has remarked 
to me such an extensive basin as that of Lower Michigan can hardly 
exist without minor corrugations especially around the margin, which 
ought to collect oil in valuable quantities. We may, for instance, from 
Grabau's paper just above, infer the probable existence of such a minor 
anticlinal near Khagashewung Point (Plate VIII), and from the records 
below one east of Niles and one near Stronach are rendered somewhat 
likely. 

One thing is worth noting, — that wells which yield only a barrel a day 
or less, and are liable to be scorned by those whose eyes are filled with 
visions of gushers, may nevertheless be of value, if conveniently located 
and enough of them can readily be obtained. 

In describing them it will be most convenient to use a partly local, 
partly topical arrangement, because in certain districts all the wells have 
one object. In others wells for different objects throw mutual light. Coal 
records have been very largely summarized already in my recent report. 

In discussing the borings and prospects for gas and oil it hajs been con- 
venient to consider a southwestern and a southeastern district, which 
really extends fo Port Huron, though it may be convenient on some 
accounts to divide it into two parts. I have also considered separately 
the possibilities around Saginaw. The prospects for Alcona county are 
included in the report. Some recent explorations serve as an excuse for 
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describing some interesting wells in the upper peninsula. Finally I have 
made a few remarks about the northwest part of the lower peninsula at 
Muskegon and Manistee. 

In studying explorations for oil and gas^ one thing is apparent to the 
geologist — that the Neo-devonian black shales are responsible for most 
of the surface indications which start oil fevers and set people boring. 
It is also true that such indications have proved delusive. In fact, so far 
as surface indications in springs^ are concerned, they indicate a leaky 
reservoir^ if they indicate anything at all, and that is not a good sign for 
great accumulations below. 

The same black shale is often mistaken for coal.^ 

It is true that deep wells into the drift, especially just above bed rock, 
will find quite frequently gas, and tliis may often pay for the well, for use 
in a house. But no great quantity can be expected, nor very long life. 

Oily-smelling rock* at the surface, or gas or oil, have little value prac- 
tically in this State in searching for oil. Almost all over the lower 
peninsula such strata can be found at some depth or other, and on the 
belt where the Devonian rocks lie beneath the drift, surface signs of oil 
may be expected. 



SOUTHWESTERN DISTRICT. 

It is not to be denied, however, that oil and gas-bearing strata exist 
beneath the southwestern point of the State, — both the Lower Devonian 
limestones, which yield the oil and gas around Petrolea, Canada, and the 
Trenton limestone, which is the famous oil rock of Ohio and Indiana. 
But the numerous wells drilled, and reported in Vol. V, at South Bend, 
Elkhart, Michigan City, Niles, Dowagiac, Constantine, Benton Harbor, 
Allegan and Kalamazoo, have not been successful in finding commercial 
quantities of gas. In spite of their failure, however, prospecting has not 
been entirely checked.^ 

It remains, therefore, to give a few facts regarding the new wells and 
new facts regarding those already reported on, and see what light they 
throw on the prospects for the future, the important thing being to see 
whether there is an upward flexure of the beds which might tend to collect 
the oil or gas. 

* Kalamazoo Telegraph, 3 :9, 1901, also 10 :3. 1901. — Several wells in Lake township, Ber- 
rien county, strike gas in small quantities, and at Bridgeman a spring with a coating of oil 
was found by a planch ette. 

Niles Star, 6:14, 1900. — Gas at New Buffalo at 60 feet. 

Grand Rapids Herald, 1 :24, 1901. — Petroleum, vein at cottage of Mrs. H. S. Cole, Benton 
Harbor. 

See also Vol. V Part II. 

>I mean natural reservoir, though (Nlles Sun, 12:11, 1900: Detroit Tribune, 12:13, 1900; 
Battle Creek Enquirer. 12:25. 1900: l^troit News-Tribune, 12:2, 1900; Detroit Journal, 12:22, 
1900) at Buchanan oil leaking from Lee ft Porter's tanks was taken to be natural. 

■Three Rivers Tribune, 9:12, 1901. — Slz-foot vein of coal at 150 feet near Benton Harbor. 

Detroit Tribune, 6 :6, 1901. — Coal at 550 feet. Compare record of well below. 

« Benton Harbor Palladium, 1:23. 1901. 

• Detroit Journal, 12 :26. 1901. — Near Niles by B. P. Earl. 
Detroit Today, 10:8, 1901. — Near Mendon by Darling Bros. 

Allegan Chronicle, 4:77, 1901.— Valley Oil, Gas & Coal Co., near Allegan. 
Grand Rapids Herald, 3:18. 1901 ; Allegan Gazette, 8:9. 1901. — ^R. W. Brown, at Allegan. 
Benton Harbor News, 6:6, 1901, and 6:26, 1901; Detroit Tribune, 6:6, 1901. — ^Berrien 
Springs. 
Niles Daily Star, 9 :7, 1901. 



t 

^ 
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An important recent well is one at Bemen Springs, an authentic record 
of which we owe to Hon. Boscoe D. Dix.* 

R«oord. 

Gnvel 40 40 • 

Blueclay 70 110 

i Reached 560 noon Jnne 5. 
Comuare Benton Harbor at 280 feet, 
NlIesat41Sfeet. 
Black ibale with pyrlte, hltumln- 

out 70 620 Compare Benton Harbor at 47K feet, 

Nile8at460feet. I>owagiacat675feet. 
Limerook with indications of salt 

water at bottom 80 700 Stopped at 670 feet, June 15. Compare 

Dowagiac at 874 feet. 

See also Grand Rapids Press. 7 :9, 1901 ; Detroit Tribune. 6 :C, 1001 ; Three Oaks Acorn, 
7:12, 1901 ; Benton Harbor News, 6 :6, 1901, and 6 :26, 1901. 

The striking featui*e of the Berrien Sprinj^s record is the depth at which 
the base of the black shale was fonnd, greater than at Benton Harbor on 
one side or Niles on the other. This indicates a downward flexure of the 
strata. 




^j^^^;gQj- 



Fig. 4. Contours showing the elevation of the base of the Antrim (Devonian, New Albany) black 
shale, and the top of the Traverse (Hamilton) in Southeastern Michigan, above tide level, indicating an 
anticlinal pitching northeast, about 12 to 15 miles east of Niles. 

The dip into the trough is also indicated by comparing with other wells 
as shown in the accompanying map. Fig. 4. While the strata all grow 
deeper to the northeast, there is a subordinate puckering or fluting, with 
a downturn between Niles^ and Benton Harlwr, and an upward turn 



* Well 60 rods from north bank of St. Joseph river and about 50 feet, i. e., about 650 A. T. 

"* Five wells have already been put down In this neighborhood. Mr. P. W. Cook of the 
Dally Star and H. Gardner have helped me to gain information. 

No. 1 was put down In 1865, close to the river and Just below the bridge, was 500 to 700 
feet deep, and yielding some gas. 

No. 2. On Second street 20 rods this side of the railroad, yielding a large flow of water. 
One of the drillers told Mr. Cook that In driving for gas they met quite a little oil but were 
hired by the Standard Oil Co. to drive past anything of the sort. Drilled In 1885 to 1886. 

No. 3. About same time (Plate XLIV of Vol. V), near C. C. C. it, St. L. R. R., about 650 
A. T. 

No. 4. South of town one or two miles and on terrace 46 feet above river, 1. e.. probably 
above this. There was 70 feet 10-inch casing through clay, over 70 feet quicksand with 
water, 185 feet casing (or 280 says Dalton) to bed rock : then about 200 feet clay shale, 
toward bottom brown and bituminous, with petroleum smell : then limestone : at 546 feet 
strong brine, which rose to within 30 feet of tAe top. i. e., 1."^ feet above river. (Compare 
Berrien Springs at 700 feet, I. e.. about 150 below tide.) Thereafter progress was but 3 to 6 feet 
per day to 580 feet. Cased with 5-inch casing, which was later recased to 880 feet to shut 
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between Niles and Elkhart. Consequently the more hopeful district to 
explore is east and southeast of Niles, say near Edwardsburg on the 
Grand Trunk, or Mendon, where oil boring is said to be progressing.^ 

There was a deep well drilled at Bangor, the record of which I have not 
been able to obtain,^ which might be of interest as showing whether there 
was a marked upward bend on the other side of the Berrien Springs trough 
or not. The elevation of the base of the black shale at Allegan (387 A. T.) 
and Kalamazoo (over 423 A. T.) shows that as a whole th^ dip is to the 
northeast, but'not at all inconsistent with such minor flexure. 



SOUTHEASTERN DISTRICT. 

Lying, as this district does, close to the Toledo fields and two large 
business centers, this district has received a disproportionate amount of 
attention. Prof. Sherzer has recently^® described quite fully the wells of 
Monroe county, but the dips seem to be uniform from 29 to 32 feet to the 
mile to the northwest, and no pitching folds have been located. To the 
records previously reported in Vols. V and VIII we may add old wells at 
Blissfteld and Ypsilanti, whose records have been recently obtained, and 
wells recently drilled at Ann Arbor, Milan, Britton and Riga. 

YPSILANTI. 

A number of wells have been put down here for sulphuretted brines, 
derived by a combination of the waters from the Berea grit and the 
Traverse and Dundee limestones. The original well was tiie Cornwall 
mineral well on the river flats, about 680 A. T., the record being : 

out salt water, but got fresh water below, which rose as high as before. At 1000 feet thej 
were toM they had Trenton rock. (Compare rock at 1500 feet at Britton.) A little gas 
came in all the time, foaming up the water. At 1438 feet the well was abandoned. Dalton 
says his well was 1600 feet deep, and though higher than the down town wells seems to 
strike corresponding strata as soon. G. 11. Crane of Colon is said to have a record. 

No. 5 was but 200 feet or so from No. 4, across the river, and but 2 or 8 feet above the 
river level, i. e., about 630 A. T. 

Feet 

Clay, lOinch casing 70.6 

Water, sand and gravel 142 . 

Eight-Inch casing to bituminous shale as In No. 4. 

Casing 6-inch, shutting off water 503 .3 

Sand pocket, 6 inches salt water 504 .0 

15 feet from top, magnesian limestone 3.0 

Gray limestone 6.4 

Gray limestone 4.6 

Then put down a packer and got some gas under salt water. 

November 14, 1899. 

What oil and gas appears in the wells is all from the Dundee or Canada horizon apparently, 
except that in Nos. 3 and 4 a little accumulation was noticed near the top of the Niagara. 
The Trenton was not reached. 

* Detroit Today, 10 :8, 1901. Darling Bros, heavy rock at 200 feet may also be on an upward 
bend. 

* Except that It Is 1260 to 1300 feet deep. Is cased down 300 feet, and according to M. G. 
Haguire and C. B. Charles, flows a strong brine. 

10 Vol. VIII, Part I, Monroe County. 
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Pleistocene — 

Earth 8 

Clay 4 

Gravel 18 

Blue clay 4 

Gravel 6 

Pireday .• 8 

Hardpan gravel , > 5 

Sand 82 

Coarse gravel 9 

Fine qnlcksand 20 

ColdtDQter — 

Slate 241 

PUnt 6 

Sandstone 38 

Soft slate or sandstone 157 

Bedrock (1. e., hard limestone) (?) 200 



12 
80 
34 
40 
43 
48 
80 
89 
109 



350 
355 
893 
550 
750 



This is a very poor record. Of the Moorman well we have only the 
record of the casing. It is higher than the other (about 703 A. T.). At 
125 to 150 feet there was fresh water. Down to 185 feet was the first 
casing to bed rock. At about 400 feet was the first flow, which was Salter 
than the lower flow,*^ and was at one time cut off by a casing down to 550 
feet. 

At about 550 feet gas came in (H,S), and the well continued down to 
about 965 feet. 

The Atlantis well of T. C. Owen is about 80 feet higher, and the fresh 
water comes at 200 feet and the salt at 404 feet, directly under a very 
hard streak.^ 

ANN ARBOR. 

The old deep well at the court house, which is about 835 A. T., has 
already been reported by Winchell and Rominger. The following may be 
a provisional account of the new one," which is about 875 feet A. T. 



Pleietooene — 

Sou, find sand 45 45 

Large boulder at 80 

Gravelly, 10 ft. casing to 45 00 

Large boulder at 113 

Blaisb clay 142 232 

Tobedrock 3 236 

Coldwater Shales — 

Blaisb shales 30 265 

Redsbale 16 280 

Flagged June 28 at 287 ft. and water above analyzed 4.3 per cent salts. 

Blue shale 76 366 

Berca Shale-^ 

Blackshale 30 388 

Blaishshale 15 400 

Berea Orit — 

Sandstone 16 416 

Shale 60 476 

Lighter shale with streaks of sand 86 500 

Saltwater at 616 



DownOO, Sept. 14. 

Oct. 13. 

Oct. 16. 
Oct. 17. 

to 376, Oct. 18. 
to 400, Oct. 19. 



(No water noted). 

to 426, Oct. 20 ; 465, Oct. 21 ; 

476, Oct. 23. 
to 606, Oct. 24; to 636, Oct. 

26; to 570, Oct. 26; to 686, 

Oct. 31. 
and below. 



*> See U. S. G. S. Water Supply Paper No. 31. 

^ Personal glance at samples. Record in Ann Arbor Dally Argus. Dec. 2. 1899 : Jan. 5. 
Jan. 19, Feb. 16, Feb. 23 ; Ann Arbor Times. Feb. 15. June 28. July 1, July 6. Letters from 
Eberhard and notes from Prof. H. D. Campbell. Prof. Russell looked after the samples, and 
Mr. FrueaufT of the Argus, at my request, took particular pains with the reporting. 
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Antrim ghtilet (Seodevonian) — 

Black bftmniiums dMle 99 960 

Btoek fltnd with white crystal 29 eOB 

Black Mtmninoua ahale 20 (B5 Not.3. 

Black shale harder 48 073 

BUu;k slate 27 TOO 000. Not. 8. 

Traverte Group (Meso devonian) — 

Lightshite • 66 755 

Limestone (chertj). 15 770 

Ltmettone, very hard critty and flint like (cherty). 36 005 

Bfauskshale 45 860 

Sample at 810 appears like a dolomite) 

Limestone, SMnejsas indications 33 8R3 Not.15. 

(Samples appear like the shale from flSS to 885, probably a bine aiigillaceons limestone soch as is 
characteristic of this group.) 

Lightshale -. 47 930 

(Sample at 920 has note **stnick hard.*'; 

Dundee (Comtferoue) Limeetone. 

Limestone (at 900 feet struck a mineral water chariged with H«S which rose 300 feet and contained 13 
per cent salts, according to Ebertiard.iS) 

Korember 18 operations were suspended for a month at the end of the first 1000 feet, 
in an oily dolomite or limestone. Between December 15 and December 28 work was resumed 
and remained the rest of the way in limestones or dolomites down to 1240 feet. 

Monroe Bed* — 

There was a granular buff dolomite apparently at 1040 feet. On January 5 at 1065 feet 
a red rock with much iron was struck. From January 12 to January 19 the hole was reamed 
out and the 6)^-inch casing carried down from 1000 feet to 1150 feet, shutting out the 
water. At 1235 feet the rock appears like a very fine-grained dolomite. 
Total limestones and dolomites 310 1240 

Splvania eandetone — 

Samples below 1240 are a fine -4 % mm.) quartz sand as far as they are taken, 1270 feet. 
According to the newspapers at 1275 feet on February 10 another mineral water strong of 
B^ with 17 per cent salts (Kberhard) was struck in Ilmerock, in which a flrogress of but 
7 or 8 feet per hour was made. The driller eridently did not report or rea^nise the sand- 
stone, which may continue. By Wright it was taken as Oriskany. 

At 1800 feet the rock Is said to hare been a little softer. The well was shut down 
February 26 at 1326 feet. It was then plugged at 283 feet and tested. Then a cement plug 
of 25 feet was put on top, but the analysis remained practically the same, to wit: 

Specific gravity 1.099 or 1.0688 

SIOi 0835or .032or .027 

(FeAli)Oi 0306 

CaO 1.040 or .886 

MgO. 296 

S<^ 0246 

Qi ^ ^ .... 3 20 

TciwscM in Btoii!!!! !!!!!;!!!! !;!!;;i!! !;;!!!!!!!!!!!!!!!!;! ill;;;;!!!;;!!;;; !85 

COj 

NoKfBr.orl 



• 



It will 1)6 seen by comparing the wells with those at Ypsilanti that the 
dip continues fairly steady to the northwest. This will also appear from 
the Milan well. 

That the dip continues appears also by comparing the Bylvania sand- 
stone with its position in wells near the Detroit river, for instance those 
given below. 

>* Campbell says the water analyzed was at 930 feet. 

Specific gravity 1.094 

CaCla 2.3075 

CaS04 , 1.0331 

MgClj 1.2836 

KCl trace 

Naa 7.0163 

8r ? 

1 ; 

Total 12.8705 

Directly determined 12 . 89 

Saturated with HiS. 
This is a characteristic water of the Dundee or Cornlferous limestone. 
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J. B. Ford (Michigan Alkali Company), Wyandotte. The "limestone" 
is generally dolomite, sometimes anhydrite. 

No.1. No. 4. 

Boil (BurfAce) to 63 60 

Uxnestone i 262 195 

Sylvanto sandstone 372 376436to460"MMpston6*' 

Ijmef tone 830 788 

Salt 876 1100 

Limestone 968 

Salt 976 

Limestone 9M 

Salt. 993 

Limestone 1126 

Salt 1213 

Limestone 1223 

Bait 1300 

Stroh's brewery in Detroit, on Gratiot avenue, is geologically higher 
and the well is said to have gone through : ' 

Blue clay 110 110 

Hard pan 30 140 

Boalders /.... 14 154 

Trayerse groap 164 300 

Dundee limestone with sulphur water in Monroe beds to 615 

Brlvanla sandstone 85 700 

Tlie lime rock hard at 730, sandy at 800, and hard pan 900 to 1150. 

Bait 65 1205 

Limestone 201 1406 

Salt 24 1430 

Limestone 135 1585 

Bait 260 1815 

Limestone 282 2097 

The Wyandotte well, reported in Vol. V, reached the Trenton at 2610 
ieet. To the south the SyJvania sandstone rises, outcropping, as we have 
said, in Monroe county, and at Trenton we have for one of the six Church 
wells: 

Dundee — 

Light brown limestone 76-140 

Sorter light brown limestone 160-220 

Monroe — 

Dark brown dolomi te 230-280 

Bylvonia — 

White sandstone 290^400 

Band of dolomite : . . 410-490 

Calcareous sandstone • 420-470 

Dolomite with much white chert 480-490 

Bhaley in streaks 600-000 

600-480 

Oysplferous dolomite, passing into 690-710 

Bluish grav gyysnm shales 720-840 

Very rich iii gypsum ' 860-880 

Oypsum bed, the gypsum is really anhydrite 880-890 

Dolomite 890-900 

Oypsum 910-890 

Dolomite, light yellow 940-960 

Dolomite bluish and buff 960-980 

Dolomite, light buff with some bluish 990-1000 

Bluish gray gypsif erous shale 1019-1090 

Deeper blue shale, (gynslferotts 1000-1185) 1100-1190 

More largely cream colored dolomite (salt in some wells) 1190-1240 

Largely bluish gypsif erous shales 1240-1290 

Bluish passing Into brownish dolomites 1290-1320 

Brown dolomite with a smell of gas 1340-1870 

To the north wells are very numerous. We cannot here give all the 
Solvay wells. They must be left for a special report. The Sylvania sand- 
stone occurs in No. 6 from 410 to 490 feet, and in No. 10 from 420 to 523 
feet, while the first salt begins in the one case at 873 feet, in the other at 
891 feet. 

28 
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Between them and the Wyandotte wells near the River Bouge^ Mr. 
Dalton put down wells for the Tecumseh Salt Company in which, under 
dolomite, with heavy flows of sulphuretted water, the Sylvania sandstone 
was found from 365 to 492 feet, and the salt also came a little higher — at 
828. This is higher than it is north or even than across the river, as shown 
in the Windsor well given below, but the pitch to the west is strong. The 
Detroit Salt Company got salt from 906 feet on. At the Brownlee well 
the salt comes in at 875 feet. 

A little farther down river toward Wyandotte the River Rouge 
Improvement Co. put down a well for the United Alkali Co., the record 
of which is as follows, with notes from samples, which the survey owes to 
the kindness of Mr. H. M. Campbell : 

Clay 80 80 

Gray lime (dolomite) 270 360 

White sand (cleanrounded elaw sand, Sylvania 100 460 

Dark sand (with chert and dolomite) 60 800 

Lime (hlae dolomite) 816 816 

Salt 68 807 

IJime (buff dolomite) 30 897 

Salt : 28 920 

Lime (dolomite with acicular cavities) 26 946 

Salt. 16 900 

Lime (half dolomite) 36 996 

Salt 70 1066 

Lime (blue and buff dolomite) 96 1160 

Gray lime 20 1180 

Salt 20 1200 

Salty shale and lime (anhydrite?, bluish, dolomitlc) 126 1326 

Salt 120 1446 

Baltshale 16 1400 

Salt 78 1638 

Lime (dolomite) 86 1678 

Sand (granular dolomite) last two total 62? 30 1603 

WINDSOR. 

Canadian Pacific Railroad. Well No. 11. 



Dolomite, hard, white to .236 

" " fawn 260 

" marly drab 275 

" " «' 300 

Limestone, dark color, petroliferous 326 

Dolomite marly 336 

" " drab 366 

*• " grey 390 

" vesicular drab 410 

Limestone 440 

Dolomite, crystalline fawn. ...i 460 

Limestone, drab 490 

" " 636 

Sandstone, quartzose (Sylvania) 690 

Dolomite, fawn 600 

" with Gvpsum, grey 640 

" shaly. arab, somewhat arenaceous 670 

" d rab grey 70(^760 

•* fawn 800 

" hard, drab grey 825 

" shaly. grey 840 

• • fawn 880 

" dnrt) grey 925 

«• «♦ " 960 

" fawn gfrey 1030 

*' drab grey with gypsum 1070 

** shaly, drab grey 1100 

" drab grey 1127 

Salt r. 1167 

28 February, 1^, 

H. P. Grunnell. 
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A well was put down here some two years ago, but owing to a dispute 
and legal proceedings the only record I can give is that from 1165 to 1275 
feet the samples appear to be in the white dolomites olthe Niagara, 
such as occur from 1570 feet down to the bottom of the Britton hole, and 
this is the depth at which they would be expected. 

BLISSFIBLD. 

On Sec. 30, T. 7 B., B. 5 E., is a well costing $5,000 and 2402 feet deep, 
down to the Trenton. Only a meager record from memory could be 
obtained, which we owe to Horace Wood. It agrees fairly well with a 
SS-foot to the mile dip from Toledo to Adrian, i. e., there is. no sign of a 
fold. 

Drift 100 100 

Oimvel; wattfr rose and filled firsts inoh casing 20 120 

First limestone about (to (?) dark slate and black water) t 300 420 

Water in limerock at 1000 

Stmck Trenton at 2342 

Trenton rock 00 2402 

MILAN. 

A few rods south of the line between Washtenaw and Monroe coun- 
ties, a well haB recently been drilled. A record and samples were kept by 
A. E. Putnam, and I made two flying visits during the progress of the well. 
The record may be summarized thus. The well is about 685 feet A. T. : 

PleUtooene — 

Snrface (drift, clay, quicksand about 00 feet, and clay) 130 130 

Traver$e — 

Cherry limestone 30 160 

Blue shale 46 206 

Blue shaly limestone 66 270 

Limestone (fissure?) 28 296 

Tbe top of the Dundee cannot be clearly made out owins to the caving. It Is surely some- 
where between 165 and 298 feet, more probably at or near toe latter figure. 

Dundee — 

Limestone quite fine, H<S water (brecciated and caving) 97 395 

Monroe — 

Dolomite acicular, caving to 425 feet 80 426 

sandy 10 436 

" withgypsum 20 466 

Gypsum, mainly 80 636 

Sylvania — 

Sandstones, pebbly at 820 288 823 

Various veins of water, calcareous shale 7 830 

Dark oily dolomite, more sulphuretted water 16 846 

Cherty dolomite 66 880 

BRITTON. 

Here a well was recently put down at the remarkably low price of a 
dollar a foot for 1700 feet. Comparing with Milan^ we find corresponding 
samples from 100 to 150 feet deeper. The top of the well is only about 20 
feet higher, and the record is: 
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Pleistocene — 

Surface clay and gravel 93 98 

Keodevonian (Antrim)— 

Black ihales 67 leo 

Pyritlferoas grey shale 16 176 

" blackshale 36 210 

Traveree Oroup — 

Cherty dolomite 26 286 

Green shale 30 266 

Cherty dolomite 40 806 

Blue calcareous shale 96 400 

Dundee (Camiferous) Limeatone — 

White or brownish crinoidal limestone with water and traces of oil and gas 100 600 

Monroe 

Oypsif erous dolomite 76 676 

Oypsum 60 626 

Dolomite 50 676 

Dolomitic limestone 33 706 

Dark cherty dolomite 37 746 

The same, bluer 6 760 



Sylvanic^- » 

Dolomitic sandstone 26 776 

Gypsiferous dolomites 60 826 

The same with a little chert and sand 76 900 

Dolomitic sandstone 100 1000 

Bait water 

Shale ,.. 16 1016 

Casing to 1012 or 1016 feet. 

Dolomite, dark blue at 1180 feet... 686 1800 

Rope black, and HjS at 1200, where there is a slow very salt seepage. There Is said to be 80 feet of 
brown oily dolomite at 1400 feet. ( ?) 

Dark brown oily dolomite 60 1660 

Tfiagara — 

Light white sugary dolomite typical Guelphi 4 84 1643 

Mineral waterift at 1600 

CaCl 20.607 

MgCU 6.616 

Mg804 1.686 

Insoluble 114 

NaCl 39.462 

68.274 

The balance being water of crystallization mainly. This is not as strong as a Dundee or 
Sallna water would be at this depth. 

At 1617 feet the thermometer stood at 63 degrees F. ; at 046, 50 degrees F. 

The water from the last bailing was at 52 V^ degrees F. 

The water at the bottom Is probably not as salt an above at 1200 feet, and there is some 
circulation going on. 



^* Small residue of quartz, rounded or not, with minute particles of mlcrocline, hornblende, 
magnetite, etc., usually about 0.2 mm. in diameter. 

^"Specific gravity, 1.059; 90.648 grains per litre by evaporation. Partial analyses by F. S. 
Kedzie. 
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PORT HUBON DISTRICT. 

It appears from the wells just quoted, and those already given in Vol. V 
of Adrian, Pontiac, Royal Oak, Mt. Clemens, etc., that through most of 
]!di)nroe, Lenawee, Wayne and Washtenaw counties the beds dip quite 
steadily, at a rate of 30 feet to the mile or more, somewhat west of north- 
west. When we go on from Mt. Clemens we find that the strike suddenly 
veers from north of northeast to due east, as is clearly shown by comparing 
the well at New Baltimore with those at Mt. Clemens and Marine City. 

The r^ion north of Mt. Clemens is therefore much more favorable for 
oil explorations. (Bee Plate IX.) 

This is the only district in the State where there is a commercial pro- 
duction of oil, a refinery being conducted at Port Huron by Mr. Qeorg^ 
B. Stock. It seemed, therefore, wise to me to engage Prof. C. H. Gordon, 
who prepared our report on Sanilac county, to make a special study of 
the wells around Port Huron for oil and gas. These do not go to a depth 
of over 800 feet. He finds some indications of an anticlinal near Port 
Huron, but his report has not been received in time for insertion here; 
it will be found at the very end of the annual report. Besides these 
wells, a great many of which have already been published in Vol. V, 
there are a large number along the St. Clair river. Lake St. Clair and 
Detroit, which have been put down deeper for salt. The new well at New 
Baltimore, with a fine set of samples, is an important connecting link. 
We have also a very good set from the Diamond Crystal Salt Company at 
St. Clair. 

NBW BALTIMORB. 

The record of the New Baltimore well, put down by J. J. Mason & 
Co. for C. M. Swift, is as follows : - 



NBW BALTIMORE. 

Name. Thick. Depth. ComparieonB. 

Pleletooene — 

Sarfaoe 120 120 

Neodevonian Shale — 

Blae shale 6 125 

BlackthalA 836 460 St. Clair, 400; Marine City. 400: 

Pontiao, 906; Mt. Clemens, 218. 

Traver$e — 

Limestone and calcareous shales 20 480 

Limestone 60 630 St. Clair, 630; Pontiac, 1066. 

Blaeshale 160 600 St. Clair. TOO; AlKonao, 618; Marine 

City, 740 to 636; Pontiac, 1286; Mt. 

Clemens, 400. 

Dundee — - -^ -> ^•^ 

Limestone high grade 130 820 St. Clair. 010; Marine City, 826 to 

770; Mt. Clemens, 610. 
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Monroe Group— 

Dolomites including 

Gypsum bed (anhydrite) 

Gypsum bed 

Brown dolomite 

Limestones 

Brown dolomite and gypsum 

Blue dolomite, shale and gypsum 

Buff dolomite 

Blue and brown dolomites and gypsum 
Salt 



290 1110 Marine City, 1000. 

10 870 St. Clair, 990. 

10 896 

20 940 

1R6 1275 St. Clair, 1380; Marine City, 1220. 

86 1360 

36 1396 St. Clair, 1480; Marine Ci|y, 1390. 

60 1446 

165 1600 St. Clair, 1600; Marine City, 1604. 

40 1640 



The Diamond Crystal Salt Company at St. Clair have recently furnished 
a careful set of samples^ from which a record may be made as follows: 



SAINT CLAIR. 

Name. Thick. Depth. 

Pleistocene — 

Surface 172 172 

Neodevonian — 

Blue shale (Erie) 110 310 

Black shale(Huron) 220 



Comparisons. 



Traverse — 

Blue argillaceous limestones and dolomites, etc.. 100 
Blue shale 160 



Dundee — 

Limestone 120 

Monroe — 

Dolomites 80 

Gypsum and dolomite 40 

Dolomite probablv sandy about 1270 

Offset through Sylvania sandstone 240 

Dolomite 80 

Anhydrite largely 60 

Dolomite 40 

Dolomite 70 

Salt and cavity 30 

Lime, i. e 10 

Dolomite and anhydrite 97 

Salt 60 

Lime (?) 10 



530 MRr>"ville, XL, 298; Marine City, 
XXXIV, 860; Oakland, LXII MO; 
New Baltimore, 400-460. 



630 

790 Marysville, XL, 688; Marine City, 
XXXIV, 630; Oakland, LXII, 800; 
Mich. Salt No. 2, 676; New Balti- 
more, 696. 



I 



910 New Baltimore, 820. 



990 Marine City, XXXIV, 800 ft. 
1030 Mary8vUle,XL,346;NewBaltimoi«. 
860-920; Oakland. 1000-1260 and 
other mineral wells water here. 4 

1370 New Baltimore, 1370. 
14.'W 
1600 
1640 

1610 New Baltimore, 1600: Marine City. 
1677-1633; No. 3, 1668; LXI, 1630. , 
1640 
1680 
1747 
1797 
1807 



It seems clear that corresponding beds are 100 feet or so deeper fhan at 
New Baltimore, nearly 200 feet deeper than at Marine City,*® and, what is 
especially remarkable, deeper than at Marysville or Port Huron. 

^* The following is a record of a recent well furnished by S. C. McLouth, in which the top 
of the Dundee is at 675 feet, instead of 635 feet as in Plate XXXIII of Vol. V« 

Well No. 2. Commenced to drill June 7, 1898. Finished August 29, 1898. Pipe in September 2* 
Pumping well September 4. 

Clay to 160 feet, 16 feet hardpan, clay and gravel to 200. Two hundred feet of black slate, 16 feet of 
lime. (Put in 218 feet 10-inch pipe to shut olT surface. From 200 to 1400 is %\ hole.) 60 feet soft white 
soapstone, hard to mix. Could cut about 4 feet per hou r with a 4-inch stem 43 feet long. Rock became 
darker and a little harder to 576 feet. Struck limestone, then we strung a 6j^ stem 38 feet long. The 
average then was 2 feet per hour to 710 feet. We struck sulphur water, 726 feet salt water, 790 feet 
brownish limestone, soft. Continues limestone easy on bits to 780 to 795, a streak of gypsum. 800 feet 
hard streak of lime. 826 feet gypsum. 830 feet hard. 860 to 860 gypsum, bothered. 870 hard streak of 
lime. 876 soft blue gypsum. 900 shelly limestone to 970 feet, average 16 inches per hour from 970 to 
1000. Flint limestone from 1000 to 1()40 feet. Good drilling, 18 feet in 12 hours. Continues the same 
kind of rock to 1100 to 1160. Sandy limestone. Hard. Contmues awful hard. 8 inches per hour from 
1160 to 1226. Hard to 1300, bothered with caving rock and gypsum. Gypsum in limestone to 1370. No 
trace of gypsum from 1370 to 1400. Cased at 1400, O^-inch casing. Awful hard to 1600. Continues hard 
to 1570, where we struck salt. 26 feet salt in the first bed, 10 feet lime and 10 feet salt to 1606. Lime to> 
1612. Lime 11 feet. Top salt bed 1623 feet. Lime 1751, total depth of hole. 
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We find here, therefore, irregularities of dip such as are favorable to the 
collection of oil. If we are right in our correlations of the Algonac and 
Port Lainbton wells in Vol. V, here, too, there is a cofrresponding drop, — 
from Algonac to Port Lambton, the top of the Dundee dropping from 513 
to 710 feet. About 10 miles southeast of Port Lambton in Canada, at 
Wallaceburg, a well was sunk in 1899, the record of which I owe to the 
kindness of Mr. Ami," and it will be well to repeat it here with my cor- 
relations. 

WALLACEBURG. 

Name. Thick. Depth. Comparisons. 

Pleistocene — 

Sands and clays 35 35 

Boulder clay 85 120 

Shale 180 300 

Limestones 75 375 

Shale and sandstone 74 449 cf. Marine City, XXXV, 370-180 ft. 

Traverse — 

Limestone, "top limestone" 106 656 

Shale, "top soapstone 95 650 " 600 ft. 

Limestone, "middle limestone" s.... 15 665 " 640 ft. 

Shale, limestone and clay 85 750 " 730. 

Dundee or Comiferous, (Top of Monroe not separated) — 

Light colored limestone 250 1000 

Perhaps the lower part is dolomite. 

Splvanta — * 

Sandstone's 100 1100 

Fine flrrained dolomites 290 1380 

Gvpsiferoas " 320 1700 

(No salt reported, the record may be imperfect.) 

Niagara — 

Dolomites 120 1820 

Limestone 106 1925 

Oil at 1865. 

Calcareous and arenaceous shales 110 2035 

Medina — 

Oray sandstone, > «k > oinn > 

Red shale and iarls ( 65 + 2100 + 

It seems that even at Wallaceburg the top of the Corniferous or Dundee- 
is not quite as high as it is at Marine City, and lower than at New Balti- 
more. The indications for an anticlinal or some other disturbance which 
might collect oil and gas in large quantities between Mt. Clemens and 
St. Clair and northward are not Tbad. The anticline which Dr. Gordon 
finds trace of lies even nearer Port Huron. See his paper at the end and 
Plate IX. 

SAGINAW. 

The structure of the rocks of lower Michigan is basin-like. This is 
shown by such cross sections of lower Michigan as are given, for instance, 
in Vol. V of our reports. This structure is not favorable for the gather- 
ing together of large and valuable deposits of oil and gas. For oil and 
gas are formed by the slow decomposition of animal and vegetable matter 
which was buried with the rocks in the bottom of the sea when they were 
formed. If now there is an upward bend or dome of the strata, known 
technically as an anticlinal, covered over by impervious beds, such as 

'TJonr. Can. Min. Inst., Vol. II, pp. 186-101. Ottawa. 
^' Suggested as Orlskany by Mr. Ami. 
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clays or shales, the oil or gas may collect in large quantities in porous 
beds or fissures beneath. Otherwise they are likely to be scattered in too 
small quantities to be of much value. 

It is easy to see that a basin structur . ^11 tend to produce scattering 
rather than an aggregation. 

There are, however, two possible exceptions. 

Around the margin of the basin there may be radial flutings like those 
around the edge of some cake-tins, and in the upward bends of these oil 
may accumulate. For instance, the strata which run northeast past De- 
troit through Monroe and Wayne counties, turn in Macomb and St. Clair 
counties and run almost east. Thus from Macomb county toward the 
center of the basin (north or west) somewhere there must run the top 
of a bend which might accumulate larger quantities of oil. 

Again, near the center of the basin, minor upward flexures or flutings 
may occur, which would sen^e to collect the gas. 

Now there have been a very large liumber of wells put down along the 
Saginaw river, and from them we may infer that the crest of an anticlinal 
or upward fluting crosses the Saginaw river in the city of Saginaw not 
far from the Wylie Brothers* wells. 

This is shown in Plate IX of Vol. VIII, Part II, — ^the report on coal 
by A. 0. Lane. 

For we have: 

At the northern part of Bay City, Marshall sandstone from 830 to 920 
feet down. General depth of brine wells, 1050 feet. 

South part of Bay City, Marshall from 840 to 970 feet. 

Wells at Melbourne are about 890 feet deep. At East Saginaw the first 
well in the north part struck Marshall sandstone at 633 to 742 feet, 
and the same sandstone comes in Gov. Bliss' well across the river in Zil- 
waukee at 665 feet, and two miles north in the New York and Saginaw 
Salt and Lumber Company's well, it is from 760 to 867 feet deep. Going 
south, however, the salt i*ock, i. e. the sand rock is said to rise, and at 
Wylie Brothers' well it is said to be but 715 feet through the salt rock. 
Beyond this, however, the salt rock deepens again; in South Saginaw, 
where it is 715 feet to the top of the sand rock; at Garfield, where the 
salt well was over 800 feet deep, and at St. Charles, where the new salt 
wells are between 800 and 900 feet deep. 

Inasmuch as the wells at Midland, Alma and St. Louis find the Marshall 
sandstone at 1000 to 1200 feet, it is there much deeper. The upper bend 
indicated by the wells along the river may be a fluting pitching to the 
west. 

If the oil and gas-yielding strata conform to the Marshall, however, 
the region of Wylie Brothers' well might contain oil or gas in commercial 
quantities. 

The first stratum of importance in this connection below the Marshall 
is the Berea grit. This showed strong signs of oil and gas at 2080 feet 
in the well at South Bay City, the record of which is as follows :^® 

PleMocene — 

Surface (made land and Blabs) .10 10 Began Dec. 30, 1806. 

Clay, thin seams of sand 40 60 

Sand B 56 

ClAy 16 70 

Sand (black at 02 feet) 80 100 

Clay 6 106 

^*The dates fflve some Indications of hardness. 
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Coal Mta»ures^ 

Shale 

Quickfland (protMibly ftaanre) 

Bandatone, 166 on Jan. 6, salt at 220, oily at 280. 

Shales black and white and sandy 

Thin seam of ooal at 

Pyrites (top of sandstone) 



Parma — 
Sandstone 



Eocarboniferou8, 
Upper Grand Hapidi, (MaxviUe)— 

Limestone 

Sandstone 



Lower Grand Rapide — 

Limestone 

Shale 

Oypsum, etc 

Limestone 10 ft., shale 10 ft., sandstone 10 ft 

Gjrpsum 16 ft., limestone 6 ft., gypsum and shale 10 ft. 

Shale and sandstone 

Limestone 

Limestone, gypsum and shale 

Limestone and shale 

Slutly limestone and pyrites 



33 


138 


2 


140 


138 


278 


122 


480 




480 


10 


490 


60 


640 


70 


610 


10 


620 


6 


626 


26 


660 


10 


660 


30 


690 


30 


720 


60 


780 


10 


790 


10 


800 


20 


820 


20 


840 



Upper Marshall or Napoleon — 
Sandstone and salt water 



180 970 Feb. 2, 1899. 



Lower Marehall — 

1000 ft. Feb. 4, 1040 ft. Feb. 6. 

Red sandstone 

Blue shale 

Red shale.. 
Red sandstone. 

White shale 

Red and white shale. 

1210 ft. Feb. 8. 
Red sandstone 



M- 



Coldwaier. (Cupahoga) — 

Light white shale 

1310 ft., Feb. 9; 1880 ft, Feb. 10; 1680, Feb. 14; 1660, Feb. 16; 

1760. Feb. 16; 1840, Feb. 17; 1900, Feb. 18. 
Red ana blue shale 

1990 ft. Feb. 19; 2000 ft. Feb. 20 

Blue and white shale .« 

Berea Bhale — 

Red and white shale 

Black bituminous shale with signs of oil and gas 

2U70 ft. Feb. 21, 2110 Feb. 22. 



90 
30 
20 
20 
60 
6 


1060 
1090 
1110 
1130 
1180 
1186 


106 


1290 


620 


1910 


80 

10 

100 


1940 
1960 
2060 


10 
30 


2060 
2090 



Berea Grii — 

Orey sand rock, 

2140 ft. Feb. 24; 2170 ft. Feb. 28: 2210 March 1 

White sandrock, strong brine, analysed^, flowing over the surface 
• 2230 ft. March 3; &44, March 4; 2260, March 6; 2266, March 9; 
2270, March 10. 

Neodevonian (Antrim 8hale$) — 

Blue shale (Bedford)? 

Black shale, oily^with gas 

Rock salt (?) March 13 

2316. March 14; 2360, March 22; 2360, March 23. 
Black shale only 

2370. March 24; 2380, March 26. 
Black shale, signs of limestone — 

2400 ft., March 29; 2410, March 31; 2420, Apr. 1; 2430, Apr. 4; 

2440, Apr. 6; 2460, Apr. 6; 2460, Apr. 8; 2470, Apr. 10; 2480, Apr. 12. 
Black calcareous shale 

2600, Apr. 19; 2610, Apr. 24; 2620, Apr. 26; 2640, June 19; 2860, 

June 24; 2600. June 27. 
Black shale, hard, with pyrite and signs of oil and gait 



10 2100 
160 2266 



26 2290 

14 2304 

6 2310 

60 2370 

10 2380 

110 2490 Apr. 16. 

90 2680 Jane 28. 



M U. S. O. S. Water supply paper No. 31. 
29 
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Mesodevonian (Traverse Qroup) — 

Limestone and shale 90 2610 Jane 30. 

2020, Julv 1. 

"Limestone'^' dolomite ^ 20 2630 Julys. 

"Sandstone" dolomite 10 2640 July 6. 

Randy limestone 10 2660 July6. * 

2660, July 7; 2090, July 8 
Blue shale 60 2700 

2716, July 10; 2730, July 11. 

Limestone, mixed 16 2716 

Shal e 18 2784 

Sandy limestone with sypsum 6 2740 July 12. 

2760, July 13. 
Dolomite like bottom of Alma well with gas and brine 20 2760 July 14. 

(Canadian oil horizon). Some H9S. 

2770, July 16; 2780, July 17; 2790, July 19; 2800, July 20; 2810, 

July 21 ; rope broke,— 2818, Nov. 10; 2828, Nov. 11 ; 2838, Nov. 12; 

2860, Dec. 2: 2906, Dec. 6; 2912, Dec. 7; 2926, Dec. 9. * 
Limestone, yellow hard like Cornif erous, compare Alpena lime- 
stone 180 2840 Dec. 11. 

2960, Deo. 13; 3020, Dec. 14; 3060, Dec. 16; 3100, Dec. 16. 

Blue shale (slate) 180 3120 Dec. 17. 

Blue limestone and ffypsum 40 3160 Dec. 18. 

Blue limestone, sha^ and gypsum 20 3180 

Limestone and shale, slightly browner 10 3190 Dec.19. 

Black shale and limestone 60 3260 Dec.20. 

Dark brown lim crock, shale and gypsum 20 3270 Dec. 21. 

Dundee or Comiferous — 

3280, Dec. 28; 3290, Dec. 30; 3300, Dec. 31. 

Limerock 40 3310 Jan. 1, 1900. 

Lighter llmerock and white sand 20 3330 Jan.2. 

3340, Jan. 3; 3370, Jan. 24; 3380, Jan. 6; 3390, Jan. 6; 3410, Jan. 7; 

3420, Jan. 8; 3460, Jan. 9. 
Light limerock 130 3460 Jan. 11. 

3470, Jan. 12. 
Limerock and sand 20 3480 Jan. 14. 

3490, Jan. 16; 3600 Jan. 16. 
Limerock.. : 28 8608 Jan. 18, 1900. 



It will be noticed from the above that the signs of oil and gas occur 
from the base of the Berea shale down, and this is 1120 feet below the 
base of the Napoleon sandstone, which is the main salt rock. If we sup- 
pose this at Wylie Brothers' well to be but 715 feet down, then the beds 
most likely to yield oil or gas, the next 500 feet below the top of the Berea 
Grit, will be from 1825 to 2325 feet down at Saginaw, and there would be 
two or three brines to be encountered. Next would come a rock salt and 
dolomite formation for 1000 or 1500 feet more, perhaps. Then comes the 
Niagara for 400 to 800 feet, which has occasionally yielded oil and gas. 
Before we reach the Trenton oil horizon, which has a great reputation 
among oil drillers, there will be possibly 600 feet more of shale, red, blue 
and black. This is the lowest oil horizon of which we have any knowledge, 
and it would take a well 5000 feet deep to explore it. 

But in regard to any of these horizons there is a good deal of uncer- 
tainty. The Berea Grit is not always pi^esent. It may not conform in 
such a matter as slight undulations of a hundred feet or so to the Mar- 
shall, and it may not be porous enough to yield gas in considerable quan- 
tity. As in most underground operations, there are large prospects of 
failure, with proportionate rewards in case of success. 

The Trenton and Niagara are so deep that the cost of exploration bears 
no ratio to the chance of success. But the Berea Grit is at a reasonable 
depth and a glance at the dates given with the Bay City record shows that 
the drilling between it and the Napoleon rock is easy, only three weeks' 
work or so. In case oil or gas was not encountered, the brine might be of 
value. 
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NORTHERN PART OF THE STATE. 

The prospects around Alpena countr have already been referi*ed to. 

Recent wells on St. Joseph's Island just over in (Canada, Neebish, St. 
Ignace, Cheboygan and Grayling, put down for salt or oil, give material 
for a pretty good section from north to south, and seem to indicate but 
little prospect for oil or gas. The only qualification that need, perhaps, 
be made is that near the possible outcrop of the Berea, that is along a 
line from Harrisville to Atlanta*^ and Vanderbilt, and thence southwest 
there is the same possibility of moderate accumulations. The records of 
the wells referred to are as follows : 

On St. Joseph's Island a well 200 feet deep is said to have struck the 
Hui*onian Tiithout striking oil, but we have no farther details. 

NEEBISH ISLAND. 

On Neebish Island near Sailors' Encampment, T. 45 N., R. 2 E., only a 
few feet from and above the water, a well was put down by A. W. Palmer 
for the American Alkali Company to a depth of over 527 feet-^ with the 
following results: 

Nosamples, drift? Ill 111 

Trenton — 

ArgllUceouB limestone 6 116 

Light fosBiliferoua limestone 12 128 

Light dolomitic •• 10 138 

Bluish •• " 10 148 

Light " " 10 166 

Chazy (?)— 

Thin bluish dolomitic limestone 5 163 

Light bluish limestone 48 211 

CalHferou9 ( ?) — 

Sandy dolomite 3 214 

Mixed drillings 4 218 

DarksUty 6 223 

Potsdam, Upper — 

Clean white sandstone, a glass sand, lilce tliat on the north part of 

Sugarlsland 161 384 

Light red sandstone 33 417 

Potudam, Lower (Lake Superior Sandstone} — 

Coarse red sandstone, conglomeratic with pebbles of red Huronian 
quartzite 110 627 to 665? 

According to Rominger's description the location of this well should 
be close to the top of the Trenton, and 1 think it likely. The divisions of 
Chazy and Calciferous are lithologic and very uncertain. 

ST. IGNACE NO. 2. 

The new well at St. Ignace is about two miles north of the old well on 
Sec. 31, T. 41 N., R. I E., about 000 feet north of the town line, 300 fet^t 
from Lake Huron, 590 A. T. or less. 



" Near which, on Sec. 7. T. 30 N., R. 3 E.. is a spring that yields gas likp those noar 
Killmaster. 

-^ Five hundred slxty-flve feet says the Michigan Miner, December, 1001, p, 10. 
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Comparing with the first well reported in Vol. V, it appears that the 
beds dip about 40 feet per mile to the south. The record is : 

Pleistocene — 

Surface 34 34 

Gravel with gypsum 9 46 

Monroe — 

Dolomite 63to88 

Dark dolomite 100 to 104 

Gypsum 174 to 187 

Red shale 

Blue shale 

Gypsum 266 to 260 

Red shale 

Blue shale 

Gypsum, about ^ 300 

Blue shale with gypsum at 329and 364-400and other spots 

to 426. 
400 ft., Jan. 16. 

Gypsif erous dolomite 18 444 

Light dolomite 19 463 

Dark brown dolomite 47 510 

Niagara 

(Guelph) — 

Light dolomite 60 570 

Wnite sandy dolomite 16 586 

Good water at 675 feet. 

689 feet. Jan. 29. 

Hard mixed cherty dolomite 7 602 

White sandy dolomite 196 788 

681, Feb. 10; H»S water for over 100 ft; 870, March 23. 
Brown and mixed dolomite 232 1020 

Lockport (?) — 
Limestone 90 1110 

Rochester (?) — 

Blue shaly dolomite 35 1145 

Brown cherty dolomite 6 1160 

Light dolomite 16 1166 

As neither the previous well nor this shows the Medina Lorraine and 
Utica shales, at least the middle group of which is known to exist, it fol- 
lows that at the bottom of the well the dip from the Neebish Island well 
must be over 1200 feet in 30 miles, or over 40 feet per mile by about a foot 
for every 30 feet of strata of these groups. If they are 600 feet thick, as 
is quite likely, then the dip will be 60 feet per mile. 

An estimate of 600 feet for this group, though very much more than 
any previous Michigan estimate, is not out of harmony with estimates in 
('auada, and the following well from its position should show only about 
the lower third of the interval between the Niagara and Trenton. 

BAY DE NOC. 

Escanaba, Delta countv, S. W. i^ of N. W. 14 of Sec. 8, T. 39 N., R. 
21 W. : 

Pl^tocenc — 

Gravel and clay 9 

Lorraine (Hudson R.) — 

Blue shale *. 46 64 

FosBilif erous shale » 13 67 

Brown shale v 28 96 

Blue shale 20 115 

Brown shale 8 12J» 

Gray shale 70 193 

Light gray shale 8 201 
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Bituminous shale .' 60 2&1 

Trenttin — 

Limestone 83 334 

FoBsiliferous limestone 58 38I> 

White limestone 8 397 

Dark limestone 9 406 

Quartsite 6 412 

Limestone * 44 4*6 

Quartz 1 457 

Limestone 24 481 

Blue shale 4 486 

Black limestone 14 499 

Limestone :. 19 518 

Blue shale 4 522 

Sandstone, soapstone and limestone 38 560 

Red olay shale : 1 661. 

Sandy shale * 1 562 

Limestone, soapstone and sandstone. . . ^ ^ 628 

Crystalline limestone '12 640 

Depth of hole 640 

ASPHALT IN THE UPPER PENINSULA. 

Near by at Rapid Rivei; there has recently been considerable interest 
in an asphaltic oil, which occurs in cavities in the Trenton limestone. I 
take no stock in the idea that there is a great pool of it at a considerable 
depth in a "Synclinorium," but it might occur in fissures in the Trenton, 
where covered by clay drift, and especially where covered by the Tltica 
black shales. I take the dip of the formation to be fairly uniform to the 
southeast and not less than 40 feet to the mile. Both where it is struck 
in borings and in the outcrop, the Trenton generally shows signs of oil. 
In particular in cavities where exposed along Rapid river there is more or 
less semi-fluid, dark-brown, almost black oil residuum or "gum," which 
gave Fr. Ruschhaupt of Milwaukee the following results: Odorless until 
heated, then gives oflf an asphalt smell. At 185° F. foams, fully liquid at 
200° F., foaming at 300° to 350° F. Near 430° F. slight decomiKwsition 
with evolution of a small amount of empyreumatic matter. At 5r)()° F. 
boils, and after about one-half hour thickens, and boiling point rises. 
Boiled at t>00° F. for three-quarters of an hour, the residue, cooled to 70° 
F., gave a hard, tenaceous asphalt. Perfect combustion left 5.08 per cent 
ash. 

Soluble almost perfectly in gasoline, petroleum, ether, benzine, turpen- 
tine and chloroform, separating some water, and leaving only a small 
residue, to wit, the mineral and organic mattei:. Of the crude bitumen, 
42.05 per cent was soluble in petroleum, ether, and 69.02 per cent in 
chloroform; none of it soluble in alcohol. 

Bumming up the result of distillation we have — 

1 2 

Distilled at 212° to 347° (mainly water) 25. 2^21 

Distilled at 570° to 600° (mainly oil) 45.36 46.55 

Asphalt 24.56 46.73 

Balance ash or decomposition products 5.08 4.51 



100.00 



No. 2 is the result of a second test by Ruschhaupt. 

The oils were soluble in all the solvents mentioned except alcohol. Mr. 
Ruschhaupt says there is no petroleum in the distillate, and no paraffine, 
gum asphalt being the only base. A company haa been formed at. Mil- 
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waukee, M. D. Kelley secretary, to see if it cannot be found in commercial 
quantities. 

The region of interest just now is between the Rapid and Whitefish rivers 
in Delta county. There is said to be but a thin coating of drift." 

CHEBOYGAN. 

Returning once more to the north and south section, we have a very deep 
well art Cheboygan, the samples from which just arrived in December and 
have not been carefully studied, but is of so great interest that we will 
insert a provisional record. The driller, Mr. P. P. Rust, showed me many 
courtesies anid took for me some temperature measurements with a Green 
self-recording thermometer, which are elsewhere given. 

I may note that "pepper and salt'' generally refers to drillinga from a 
cherty brown dolomite. It will be noticed that there are some 500 feet 
of shaly beds at the bottom, and neither the Utica nor the Trenton appear 
to be yet struck. Very curious is the alternation in the samples of typical 
Medina material with that which looks like Clinton. 

Total. 
Pleistocene — 

Surfko6,tn] IM 

Gravel, ohert 203 

Sand 205 

Gravel and aand 230 

Gravel with many dolomite pebblef M5 

Sand ; 260 

Mainly dolomite, few other gralni 206 

Coarse pebblef, chert, qnartxlte, amphibollte, etc 270 

Band, quarts largely 290 

Clayey or calcareoui mnd 300 

Broken fragment! of dolomite and pebbles a3t 

Aug. 6, 1899. 

Aug. 8, 1899. Pebbles of granite, dolomite, etc 362 

tond 864 

Band and cherty dolomite 366 

Coarser sand, fine gravel with dolomite 360 

Aug. 12, 1890. 

Monroe or 8aHna — 

This was a brecciated aolcular dolomite, with slits and round or square cavities. It 
worked back so that the 8-inch easing had to be reamed down to 800 feet. 

Aug. 17, 1899. Dolomite and sand 376 

Large angular fragments of dolomite 380 

Cherty dolomite 438 

Aug. 28, 1890. 

Oct. 12, 1899. Verycher^ 512 

Sept6,1900. ** " ; Sept. 12, 1900, at 640 quicksand «... 570 

Darker dolomite 686 

Nov. 27, 1900. 

Still darker dolomite 700 

Red shaly stuff 860-900 

At 1060, water which "dissolved** red sandy shales above. 

March6,1901. Tubingto 1060 

1100 

Red and blue shales 1300 

March 9. Dolomites, gypsum and brine (61* 6F at 1360) 1360 

(Just below 1400, March 12, 1901, brine) 1400 

Dark dolomite . . 1475 

Lighter dolomites 1478 

iiuff dolomites speckled with chert / 1626 

Tiiagara (Quelph) — 

1660 

Light cherty, March 28 1565 

Lighter brown 1575 

Finer powder 1586 

1615 

No 1, light 1626 

No. 2, red rock, slow eff. in acid (1686) 1635 

No. 3, red rock 1640 

1662 

Coarse chips, dolomite 1665 



>-'* Artesian welln are struck at 250 feet, more or less. 
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Fine grained light dolomite 1910 

Coarse chipf dolomite ITOO 

" dolomite 1775 

" dolomite 1868 

" Uttle-darker. a liUle black tbale I88» 

Large pieces, dark bituminous 1904 

k* *1 k( •* IMS 

Smaller pieces «' *• lllilllllllllllllllllllll.lllllllllllll.lllllllllllll'.llllllll 1W8 

Lighter : / 1983 

Much chert 1980 

Coarse chert and dark dolomite 1987 

June 13. Fine brown and whi«e ohert,agate, qnarta 2005 

»• TrT. 2014 

Brown 20BT 

Coarse dark with black shale 2038 

Brown .* 2040 

Very fine powder 2046 

Lockport — 

Brown pepper and salt dolomite 2065 

Light colored 2070 

Coarser brown 2073 

Coarse pepper and salt.. . ; 2077 

Fine grained 2080 

Some with quite a little darker fragments 2000 

t* «t u tt «t t* »« 2004 

Finer grained and no darker 210B 

•* «t M 44 4« 2110 

*• " " •• " ioiiiiic?i\\\\\V^'^\\V.\\\'^^^^^^^^ 2115 

similar but with more rusty pepper and salt appearance 2123 

Rochester Shale — 

With darker fragments 2138 

All darker 2148 

Slightly lighter 2150 

Very dark 2185 

Black to drab, black tinge 2170 . 

Dark VTT 2173 L 

Lighter 2180 

Tends to shale, dark, not so shaly (2200) : 2206 r; 

Clinton — 

Rns^ white limestone 2238 

»« " «« 2245 

Bluer Slightly shalier....'..' 22D2 

Blue shale and limestone 2267 

Bluish shaly limestone 2261 

Similar not well washed 2265 

Medina — 

•Red, shaly, with a little green 2881 

White limestone ^. . . . 2307 

«8ome limestone, mainly red and green shale 2311 

Limestone and blue shale 2816 

Black shale and limestone 2367 

Fine white limestone 2375 

Red and green khale 2407 

Lorraine — 

Bluish limestone 2425 

Darkdolomite 2430 

Very dark dolomite 2432 

Very dark dolomite 2437 

Jttlyl8. Very dark dolomite 2465 

Dark blue shaly limestone 2750 

Inasmuch as the Cheboygan well does not reach the Trenton, the dip 
of the same from Neebish, about 45 miles north, must be over 60 feet per 
mile, but I do not think it is over 6G feet per mile. 

GRAYLING. 

A sdientitically important well has been put down bj T. Percy for 
Sailing, Hanson & Co. It is the quickest sunk of its depth of any in the 
Htate, being started the last of January and reaching 325 feet March 11, 
having met quite a little quicksand. By the 2l8t it was down about 500 
feet. By April 29 it was down 2200 feet, and was finished Mav 6 at 
2750" ( ?) feet. 

'♦Detroit Free Press, May 7. 1901. 
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The record from the samples is as follows: 

PleUtocene — 

Sand BO 66 

Till 60 100 

Mainly Muid, some clay and gravel, plenty of water 200 300 

Sandy clay, till 26 325 

Coarse cement, sand, etc ^ 40 366 

Lower Orand Rapids — 

Galoareoas sandstone 16 380 

Dark limestone 28 408 

Gypsum! ^ - 132 640 

(Record prolmbly imperfect) 

Coldtoater — 

Blue calcareous shale, 8 in. casing to 600 feet 36 676 

Blue shale 386 960 

Limestone /. , 190 1160 

Blue shale 390 1640 

B^ea Horieon ( ?) — 

Red and blue shale 60 1690 

Neodevonian shales (Antrim Shales)— 

Dark shale.. 210* 1800 

Blueshale 100 1900 

Green and black shale 100 2000 

Green and blue shale 126 2126 

Bituminous black shale 40 2166 

Mesodevonian (Traverse Group)— 

Blue arfflllaceons limestones 210 2S76 

Blue ana bull dolomites 60 2426 

Light limestones 76 2600 

Buff dolomitio limestones, last sample. 
Temperature 9B. 9* F. at 2600 ft. : at 2026 ft. bottom of well when sounded with steel tape, Aug. 6, 1901. 
This may have reached the top of the Dundee or Cornif erous. 

Brine, Sp. Wt. 1.138, strong in earthy chlorides 2760 

If this well does not reach the top of the Dundee,^* it reaches nearly the 

horizon of the top of the Cheboygan well,^* and the dip, since the well is 
1140 A. T., or say 550 feet higher, would be somewhat over 31 feet per mile, 
which is similar to that which we found from Alpena to Killmaster. It 

is not surprising that it is less than farther north, for we are nearer the 
center of the basin. 



XiAKE MICHIGAN SHORE. 

MUSKEGON. 

There have been a number of deep wells put down here at various times 
for various purposes, mainly for salt manufacture. Omitting the nearly 
fresh water wells which go less than 700 feet down into the Marshall sand- 
stone, we have: 

I. The oldest and farthest west is the Whitney or Truesdell well, also 
called the Hacker well, about 586 feet A. T. Reported by Rominger.^^ It 
is 1230 to 1600 feet deep. 

II. The Mason well, 23 feet above the lake, began in January, 1872, and 
in June, 1874, reached, at 2000 feet, 50 feet of salt-bearing rock. In 
January, 1875, it was 2400 feet deep, cased 225 feet to rock, with 1400 feet 

*^It is possible it does not penetrate the Traverse, but I think that tt does and that the 
iSIlins in at the bottom is due to the blue shales at the bottom thereof. 

** Supposing there were no drift, the well would probably begin In the Corniferous. 
" Vol. Ill, Part I, p. 84. of our reports. 
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of 4%-incli cafiing inside. This was reported in Vol. V," and the only 
additions we can make from recent data are that from 625 to 685 feet are 
beds of sandstone or limestone, and that the petroleum and gas located 
as about 1200 feet down is probably near the horizon of the Berea Grit, as 
the quality of the oil indicates, but the quantity is much over-estimated. 
The brine at 2030 feet is from the Dundee, judging from the analyses. 



MUSKEGON BRINE 


ANALYSES. 
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2. 


3. 


4. 


6. 
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CaCOs 
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17.034 
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X 
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266.99 
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• 
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1. A. B. Prescott, Sept. 8, 1R83, at 16.6* C. 8p. Or .=1.20342, neutral, sediment of iron sulphide, Ryerson 
well, pump at 1660— cased to 1400 feet, depth 2060 feet and brine probably from last lift feet, K probably 
included with Na. 

2. C. A. Grossman, Sept. 26, 1888, at e2*.6 F. 8p. Or.=1.21, Ryerson well. 

3. H. Drasch, Sept. 29, 1881, at 90* F. Bp. Gr.=92* brine, NaCl by difference residue of salts? This, 4 
and 6 are from the same well, probably not a nure brine. 

4. 8. 8. Oarrigues, Aug. 12, 1881, 8p« Or.=1.210, STidently very rough. 

3. Prof. DeLa Fontaine, of Chicago, at 65** F. 1.215 Sp. Gr. Computed from pounds, 
ounces and grains per gallon, supposing At. weight to be used, and the Imperial gallon of 
10 lbs. The gallon may be the U. S. gallon by measure, in which case the figures should be 
divided by 1.005. Nos. 3. 4, and 5 are from the Mason well, when cleared out and torpedoes 
exploded at 2015 and 2035, left blocked below 2100, 102* to 105'' Salometer brine. 

III. The Byerson-Hills well is farther east, about 588 A. T.^ and a 
record could be obtained complete only to 1427 feet, as follows : 

Pleistocene — 

Sand 66 66 

Clay 136 200 

Hardpan 8 208 

Hardpan, sandy spots, and shale 90 298 

Lower Marshall and Coldtoater^ 

Dark and light Shale (? see V.) 200 40B 

Lime 4 602 

Shale 20 622 

Lime 1 623 

Light shale 20 648 

Lime 2 646 

Light blue shale 40 686 

Lime 2 687 

Light blue shale 16 602 

Hard lime rock 80 682 

White and blue shale and streaks of lime 196 877 

Red shale 8 886 

Hard lime 3 888 

Dark and light shale 222 1110 

Lime 6 1116 

Loose shale 312 1427 

^ • 

"Plate XLin. 
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This well was continued to between 2050 and 2200 feet and the pump 
set at 1650 feet, and at 40 strokes per minute gave 52^^ gallons of brine 
in 3 to 4 minutes. It was cased 200 feet to rock, then 1400 feet (shutting 
off the oil horizon), then to the brine. Early in 1900 it wais cleaned out, 
plugged at 1200 and tested for oil. It yields a little. I made temperature 
observations on it July 18. It was full of water, with a little oil on top, 
to the top of the casing. 

IV. Near the Ryerson well, but closer to the water, a well was put 
down for oil in 1900, The record of the Ryerson well was used for com- 
parison, and the new record, which was not kept in detail, is said to be 
about the same. 

Barface 114 214 

Shale and lime im 875 

^ Water bearing ttrata 26 4Q0 

Shale, etc 

6i inch casing to 790 

A little salt and oil at 128T 

Dry at ^,. 151fi 

V. A well was put down in the fall of 1900 about 44 feet southwest of 
the Mason well and about 12 feet above the lake, for the Michigan Oil 
Company, C. K. Macfadden, manager, of which Prof. McLouth kept a 
careful record for me, with a number of samples, as follows: 

PleUioeene — 

Sand becoming finer downward..* eo 60 

Calcareons blue clay free from pebbles 163 223 

Orayel in clay and sand, till , . . . 12 



Uar%hall — 

White micaceous sandstone 106 340 

Coldwater — 

Bine micaceous shale--drUled 66 feet in 7 hoars 280 620 

Harder shale with carbonates of iron and lime-drilled 70 feet in 10 hoars 60 700 

Soft blae shale, calcareons 190 800 

Brown limestone 24 014 

Flagstones, shales with thin Uuninte of white sandstone and calcareons bands, 

drUled 40 ft. in 44 hoars, and once 6 ft. in 33| minntes 361 1276 

White yery fine grained micaceous sandstone or sllicious shale, yielding a little oil 18 1298 

Sandy shale 27 1320 

Shale, somewhat darker at bottom 180 1600 

Now it is about 86 miles across to Milwaukee, where the feather-edge 
of the Hamilton and Helderberg rocks appear, which are not less th^ 
1700 feet down at Muskegon. The dip to the center of the basin should 
therefoi^ be, normally, 20 feet per mile or more. 

Unfortunately the wells so far are so close together and have such inac- 
curate records that there is no sure indication as to whether the local 
dip conforms to this or not. The first thing to do, therefore, if explorations 
are to be continued, is to spread the wells so as to see what prospect there 
is of abnormal dips, and incidentally it may be that some place will be 
found where the sandstone at about 1200 feet, which is so very fine-grained, 
will be more porous. 

If the "red shale" and limestone at 877 to 888 feet in the Ryerson is the 
same as the brown limestone at 890 to 914 feet of the last well, the bed in 
the Ryerson well would not be deeper, as it should according to the normal 
dip. This may be a slight indication of an abnormally flat dip. 
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MANISTBE. 

Near Manistee the wells. are more scattered than at Muskegon. (See 
map, Plate X.) They extend five or six miles from the Canfield and 
Wheeler well, close to Lake Michigan and about 592 A. T., to the wells 
at Stronach and Filer City at the head of the lake. Four plates are given 
in Vol. V. Mr. J. J. Hubbell has kindly assisted me with notes on these 
wells, locations, elevations and profiles. There are some twenty-eight** 



No. 



3 
4 

6 

fi 
7 
8 
9 
10 
11 
12 
13 
14 
10 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



Owner. 



Canfield & Wheeler 

«* u 

Manistee Lumber Co — 
«« (« «« 

Louis Bands 

Canfield S. and L. Co 

«« It 4* 

ILG.Peters 

u «« 

41 »» 

14 II 

It II 

Buckley & Douglass 

It II It 

«i It II 

It It It 

It II It 

Canfield 8. and L. Co — 
It It II 

State Lumber Co 

II ti II 

It M It 

Louis Sands 

i« II 

Filers Sons 

Union Salt A Lumber Co 
II It It tt It 



Location. 



0.7 mile N., 0.68 mile W., Sec. 11, 
T.21N.,R.17W 



0.7 mile N., 0.68 mile W., Sec. 11, 
T.21N.,R.17W 



.28 .72 Seel, 



ti 



.1 
ti 

.92 
II 

II 

II 

It 



II 



II 



It 



.18 



.96 

.72 
II 



ti 



.04 .44 

II It 



.08 



It 



II 



II 



It 



II 



It 

kt 
It 

11 



.28 Sec.7,T.21N.,RJ6W 



It >■ 



ti 



It 



It 



II 



II 



.M .40 8ec.l2,T.21N.ai7W 
II tt 



It 



It 



It 



.18 .36 Sec.7,T.21N.,R.16W 



.21 Sec.l2,T.21N.,R17W. 



.69 .97 Sec.l8,T. 21 N.,R 16 W. 



Eleva- 
tion 

above 
lake. 



86 
68 


Sec. 19 T. 

Sec. 20 


It 


II 



12 



II 



30 



25 



Total 
depth. 



2,270 

{ If 



2,012 



2,026.5 



2,015 
1,947 



Depth to 

top of 
salt rock. 



1,962 
or 

2,016 
to 

2,025 



1,900 



1,965 



1,924 
or 



J. P. Miller and Co. report thst they put down four wells 1900 feet deep, two each for the 
Rngelman Saltworks and Chas. Rletz and Bros., in March. 1S83, and Feb., 1882, respectively. 
The depth given Is however obviously only a round number. 

»Jan. 1, 1901. 
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in all, but of many we have few notes, only the depth to the salt, or the 
total depth. Beginning at the west, we have the Ganfield and Wheeler 
wells already described.*® It is important to add, however, that the well 
was later deepened some 500 feet for them by T. Percy. The samples were 
sent me and show that they entered the white Quelph dolomites, which 
form the opposite shore of Lake Michigan. Analyses®^ agree therewith. 
It appears, accordingly, that the dip across the lake is not less than 39 
feet per mile, and probably not over 50, a' dip intermediate between that 
from Milwaukee to Muskegon, and that from Neebish to Cheboygan. 
Their second well was drilled 19261/^ feet deep, but probably not to the 
bottom of the salt. 

The Buckley & Douglass Lumber Company well No. 5 is not hitherto 
reported, and to the kindness of Mr. Hubbell we owe a record. It is higher 
than the Canfield and, Wheeler wells, being about 610 A. T. The record is: 

PleUtooene — 

First oasinK lO-inch pipe driven 400 feet 400 

Second casmg 8>inch pipe to bed rock ttirough sand, clay and gravel.^ 616 616 

Devonian — 

Hard shale 324 940 

4^1nch casing to 966 

3^cli casing to ' 1032 

A 3-inob pipe for brine inserted 985 ft. 

Limestone 630 1570 

Soft shale, 7-inch hole drilled, brass lining to caving rock 110 1680 

Silurian — 

Limestone, 6>inch hole, no lining 105 1875 

6-inch hole brass lining caving rock salt and gypsam 20 1895 

Limestone, 6-inch hole, no lining 90 1966 

Brinecavity 30 2016 

An air lift is used, the air being carried down to 985 feet and the brine 
raised from 400 feet to the surface. 

Upon the names of the rocks we evidently cannot depend, but the salt 
is plainly about 70 feet deeper than in Canfleld's well, and it may be that 
the casing from 1460 to 1520 feet in the latter hole corresponds with that 
from 1570 to 1680 feet in this, but the Canfield record is as unsatisfactory 
as this, in that the samples do not at all match the '4og." Between this 
Buckley & Douglass well and the Peters well** the correlation is easier. 
The bottom of the salt being in one case at 2015 feet in the other at 2026, 
the two are about on a level there, but the Peters well showed quite a 
little oil and gas at 1905 feet. The soft shale at 1490 to 1600 feet in the 
latter must be that at 1570 to 1680 feet, in the former, however, being at 
the base of the Traverse Group, and 960 feet will correspond to 940 feet. 

Now when we go down to the head of the lake at Stronach," we find 
the salt down at only 1930 to 1964 feet. The Bell (Marcellus) shale at 
the base of the Traverse is higher, too, — from 1450 to 1625 feet, — with signs 

» Vol. V, Plate XXXI. Letter of B. D. Wheeler, Feb. 13, 1900. J. J. Hubbell, Jan. 16 and 19. 

SI No. 322 In Water Supply Paper No. 31 of the U. S. G. S. Is of the brine before deepening* 
No. 328 after. Compare the Britton analysis. 

The elevation of the two C. and W. wells Is but 12 feet above the lake. 

« Plate XXXII. 

•s Plate LXV. Mr. Hubbell says that the Union Salt and Lumber Co. wells. 25 feet above 
the lake strike the top of the salt at 1949 feet and the bottom as supposed at 1982 feet, but 
as the wells afterwards spontaneously deepened to 2016 respectively to 2025 feet, he doubts this 
latter fact. 
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of oil and gas immediately beneath. The base of the black shales is, how- 
ever, if rightly given, at about the same depth, 970 feet. 

Therefore, instead of corresponding beds being 200 or 300 feet deeper 
than in the Canfield and Wheeler wells at Stronach, as they should be, 
were the dip across Lake Michigan continued, they are about as high, 
and higher than in the beds between. Gas was also noted at 600 feet. 

It seems to me, therefore, that near Stronach there must he an arch, 
which ought to collect oil or gas in comm,ercial quantities at its crest. 
But, of course, as there are no wells southeast of Stronach for many miles, 
we cannot tell either its course or position as yet. 



J 



SALT 



SALT. 

The development of the salt business has been mainly along the St. 
Clair and Detroit rivers. A number of the well records have already 
been given, e. g., those at St. Clair, Marine City, New Baltimore and 
Detroit. 

At St. Clair the salt comes at 1668 feet in well No. 3, with the following 
record : 

Salt 25 18d3 

Limestone 77 1770 

Mixture 15 1785 

Salt 20 1805 

Mixture 5 1810 

Salt 45 1856 

At Marine City the Michigan Salt Company have — 

Salt 25 1596 

Limestone « 10 ie06 

Salt 10 1616 

Limestone 11 1622 

Salt 126 1751 

The Davidson and Wonsev well had black shale at 600 feet, and at 
1565 feet 250 feet of salt. 

The well of the Pennsylvania Salt Company, below Wyandotte, is said 
to go through a bed of salt 103 feet thick at about 1200 feet. 

The Pennsylvania Salt Company have a well near the Lake Shore tracks 
and Ecorse river with 25 feet of salt at 830 feet, and other beds below, — 
80 feet between that and 1050 feet. 

Salliote and Ferguson, at the River Rouge, also have salt wells, and 
the Michigan Rock Salt Company are putting down a shaft to mine rock 
salt. The waters above the rock are strong of H, S and their amount 
and character is the chief difficulty in the way of mining it, which has 
been under consideration now for some years. 

The rock salt beds themselves are dry and water from the St. Clair or 
Detroit rivers is pumped down to dissolve the salt. In one case Mr. Hill, 
for many years salt inspector, found that an off tinge in the salt which 
was causing much trouble, was due to the water not being quite pure at 
the intake. When this was changed the difficulty was remedied. 

The temperature of the upcoming brines is, according to reports, 
remarkably low, and deserves farther study. 

The rock-salt brines contain' more lime, especially as sulphate, and the 
salt is more likely to cake and be "sharper," and so for some purposes 
less desirable, than the natural brines. A group of analyses of these 
brines at Detroit is as follows : 
81 
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Analyses of Detroit brine, from M. M. Green:* 



NaCl 

MgCl« 

CaS04 

CaCh 



Jan. 


Feb. 


Mar. 


April. 


May. 


311.72 


312.69 


309.46 


306.78 


311.78 


.228 


.258 


.278 


.278 


.219 


6.943 


6.04 


6.892 


6.06 


6.06 


.248 




.266 


.210 


.196 





Jane. 



310.16 
.265 
5.754 
.307 



As the analyses show, they are very free from the earthy chlorides as 
compared with the natural brines, and hence there is not much of bittern 
to throw away. 

With these natural brines the quality of the salt is affected, and a dispro- 
portionate amount of the heat^ is needed if the evaporation of the brine 
is carried too far.® Hahn's papers contain a great many analyses. The 
following* is an analysis of a Saginaw valley brine by E. M. Vanflint : 

CaClt 25.91 

CaS04 '. . . . 119 

FeCOs .92 

AljOs .22 

MgCls 6.27 

MgBr« 2.36 

I,K,Li tr. 

NaCl 179.49 

HgO 783.73 

1000.00 

In the Saginaw valley the most interesting feature is the putting down 
of a number of wells at St. Charles, to use the waste of the coal mines. 
These wells pass through the lowest coal at about 425 feet, and below this 
are said to find a good deal of limestone, striking the "salt rock," the 
Napoleon limestone, at 700 to 810 feet. 

It is a pity that the deep well at Bay City, whose record is elsewhere 
given, was not put down through the salt formation so as to touch the 
Niagara beneath, and see what there may be in the way of rock salt 
beneath the valley, and it may be hoped that sometime there may be, even 
for the scientific interest of the matter apart from any definite pros- 
pective value, a hole in the lower peninsula as deep as in the upper. 

^ In grammes per litre. 

* See a series of articles by H. C. Hahn in the Berg Huettenmsnnlsche Zeitung for 1867 
and 1881. 

* Hahn, loc. clt., recommends concentrating Saginaw valley brine only to a density of 1.25. 
*And many more will be found in U. S. G. S. Water Supply Paper No. 31. 



METEORITES. 

There has recently come to my office a paper by Merrill and Stokes^ on 
a meteorite which fell July 10, 1899, on Thomas hill, on the Saugatnck 
road near Allegan. "The total weight cannot have been far from 70 
pounds." 

Specks of magnetic matter are common in all the samples of drillings, 
and a test with copper sulphate shows that metallic iron is often present. 
Usually these can be safely assumed to be worn from the drill, but there 
are a few cases, where the softness of the associated rock or the abun- 
dance of the iron or some other feature makes this explanation hardly 
satisfactory. An iron mica decomposed in the presence of organic matter 
seems to be responsible for one case. Are some of them meteoric ? 

The numerous suites of specimens representing the geological column of 
the State, and the Allegan meteorite together suggest an interesting field 
of research. According to the Encyclopedia Britannica, probably about 
20,000,000 visible meteorites or shooting stars strike the earth each day, 
and if all those which the telescope would reveal are counted there would 
be perhaps 20 times as many. Suppose each to contain one gram of matter 
of which 10 per cent was nickel. The surface of the earth is about 510,- 
000,000 square kilometers. Thus the average contribution each year to 
each square kilometer of the earth's surface would be about 28.6 grams, 
so that if one millimeter in thickness of a certain stratum was formed each 
year and received an average share of meteoric dust, a square kilometer 
in area, 1,000 cubic meters in bulk, would contain 28.6 grams. 

If the stratum had, for instance, the specific gravity of 2.86, which 
is nearly that of many limestones, the bulk in question would weigh 
2860 metric tons, and the percentage of nickel contained would be one- 
millionth of one per cent.- If, therefore, methods of chemical analysis 
were refined enough to enable us to determine such small amounts of 
nickel or any other element characteristic of the meteorites, we could get 
a notion of the rapidity with which any bed was formed, or if we should 
test a sample representing the average of the Devonian strata, which our 
well samples would readily give us, we could find their mean rate of 
deposition, and from that infer the duration of the Devonian period, lit 
fact, we have material enough pretty well to infer by the same way th^ 
duration from the end of the Potsdam to the beginning of the proper coal 
measures. Even now we can see that any estimate which would allow 
thousands of millions of years for the accumulation of the 6,000 feet or so 
of strata which represent the interval in question, is likely to be extrav- 
agant, for it would mean an average meteoric constituent of .01 per cent 
or more. 

Chemical methods for the determination of nickel are, however, not yet 
delicate enough to apply this test. 

» Proo. Washington Acad, of Sciences. Vol. IT, pp. 41-68 : Am. J. S.. Dec. 1899. 

' If the ratio of the number of meteorites falling annually be n. average percentage of any 
element p, thickness of stratum formed per annum t. and specific weight of the same s, 
to the numbers we have supposed, then the per cent of nickel In the stratum would be 
nwp-f-st 1.000,000. 



GEOTHERMAL GRADIENT. 

During the year my assistance has been sought by Prof. Wm. Everett/ 
secretary of the committee of the British Association for the Advance- 
ment of Science, for the study of underground temperatures. 

The rate of increase in the temperature of the rocks as we go down, 
which is known as the geothermal gradient, is a matter of keen scientific 
interest, since we can gain from it some idea how long the earth has been 
cooling.^ It is of especial interest in this State, because it has been 
reported to be uniquely low in our deepest mines, which are now not far 
from a mile beneath the surface. The increase is so greatj nevertheless, 
that it is a practical question just how soon it will be a serious hindrance 
to mining.^ I am inclined to believe, moreover, that when we have more 
facts to base our conclusions on, we shall be able to trace irregularities 
and find the thermometer quite useful in detecting leaky casings, locating 
the depth of the sources of flows, waters, etc. In fact, I have already* 
received help from the thermometer along these lines. Finally, we may 
possibly get light upon the movements of underground waters which, 
according to Prof. Van Hise, are the great conveyors and concentrators 
of mineral deposits. 

In 1886 Prof. H. A. Wheeler published in the American Journal of 
Science** an article in which he called attention to the low rate of increase 
of temperature in the copper mines of Keweenaw Point, and attributed the 
same to the cooling effect of Lake Superior on the flanks. His observations 
are summarized in the following table : 



Mine name. 



Atlantic 

Central 

Conglomerate 

Osceola 

Tamarack... . 
Qulncy 



Gradient. 


Depth. 


Distance 
between 
stations. 


Highest 
tempera- 
ture. 

61.6 


99.6 


907 


796 


101 


1960 


1860 


61 


95 


617 


627 


48.3 


76.5 


996 


860 


64.6 


110.7 


2240 


2104 


62. 


122 


1931 


1820 


66.6 



Character of lode. 

Melaphyre. 

Fissure vein. 

Quartz p'y, Conglom. 

Melaphyre. 

Quartz p*y, Conglom. 

Melaphyre. 



From his table we find the lowest temperatures he noted in the various 
mines must be* close to 43° (43.3° F. at 112 feet or less). Prof. Wheeler 

* See reports of this committee in the Annual Proceedings, especially for 1882 and 1901. 
Also the Geological Magazine for December, 1001. 

"Under certain suppositions, Sir W. Thomson (Lord Kelvin) estimates from 100.000,000 to 
400.000.000 years. 

» See my paper In Mineral Industry, 1895, Vol. IV, p. 767. 

* And Mr. R. E. Bacon of the air lift also uses It right along. 

■Vol. 32, Art. 13, pp. 125 to 137, Temperature Observations on Lake Superior Minos; also 
Trans. St. Louis Acad. Sci. 

* 43.6*' at 111 ; 42.6** at 90, 42.8" at 90, 42.3" dt 136, 43* at 136, and 43' at 111 feet 
respectively. 
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thinks that the Tamarack observations especially may be affected by the 
ventilation of the mine. 

By meteorological observations the mean air temperature of Keweenaw 
Point is not far from 40 degrees.^ Thus a mean surface-soil temperature 
is indicated some 4 degrees above the air temperature. The British Asso- 
ciation report that the soil temperature for the year is usually above 
that of the air from ^ to 2 degrees,* and that this is mainly due to the 
blanketing effect of the snow. We refer to this point again below. 
Wheeler's results, therefore, agree well enough with what might be 
expected, for Keweenaw Point has a very heavy burden of winter snow 
and often the ground does not freeze all winter. Furthermore, I took 
the occasion of a visit to the newly opened Champion copper mine, July 
24, 1901, to make some tests of temperatures, through the courtesy, and 
with the help, of my predecessor, Dr. L. L. Hubbard, the manager, to 
obtain some light on the upper temperatures. The mine is recently opened. 
In the north end of the third level of B shaft, 378 feet below the surface, 
where there was no working or drift, the temperature at the top was 
about 49° F., of the air 47° F., in the moist rubbish at the bottom of the 
level 46° F. In the second level north, 250 feet down, the thermometer 
left in a short hole 20 minutes or more stood at 45° F. 

In the first level 130 feet down in similar circumstances it stood 
at about 44^^ degrees. 

The obsen'ation at the bottom of the mine agrees in its rate of increase 
with Wheeler's. The others are perhaps warmed by air convection in the 
mine, but agree in pointing to a mean soil temperature of 43 to 44 degrees. 

Some years ago (in 1893-4) the Centennial mine drove a cross-cut from 
the foot of a shaft which they had sunk between 3100 and 3200 feet on 
the Calumet conglomerate^ over to what was supposed. to be the Osceola 
amygdaloid. The temperature at the foot of the shaft was 62 and at the 
end of the long cross-cut about 19 feet below the surface, 69. It was 
said to have been 72 degrees the previous summer. There was a fair 
ventilation furnished by the air drill, but the temperatures are not out of 
harmony with those of Wheeler for a similar depth. 

In 1895 A. Agassiz, president of the Calumet & Hecla Mining Company, 
published in the American Journal of Science* some figures for that mine, 
to wit, 59° F. at 105 feet and 79° F. at 4580 feet, the air temperature at 
the bottom of the shaft being 72° F. 

It is clear, however, that the upper temperature is abnormally high, 
probably from the effect of the mine circulation during a long term of 
years, while the lower temperature is perhaps a little low from the same 
cause. The balance of Agassiz's observations have never been published, 
though if they could be carefully studied with due regard to the various 
factors they would be of much interest. 

That this gradient is not something very local and peculiar to Kewee- 
naw I*oint may be inferred from a few observations in the iron country. 
On July 19 last, with Mr. Andr^ Formis, one of the engineers, I went to 
the bottom of the Lake Superior hard ore mine at Ishpeming. The bottom 
of this mine at the 19th level is 900 feet verticallv from the surface. It is 



f .18.6 • F. at Calumet. 

* 188*2. p. 72. At tho Kew Botanic Garden. 0.4 degrees F. Over the St. Gothard tunnel 
from 2 to .^^ P. to 6 to 6", I. e., from 4 to 10" F., here being more snow. 

• lh»5. Vol. \m p. 503. 
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barely opened up down there anJi the ^kip goes only to the 14th level. It is 
connected with but one shaft. The water in the floor of the drift was at 
49° F., and a little spring in a crevice on the east side of the shaft at 
48.5°. The air was at 50°,^® and a thermometer left in a diamond drill 
hole five feet in for 20 minutes registered the same depth. 

In the Vulcan mine at Menominee 1 found^^ 56° at 1210 feet; the 
mean annual air temperature ought to be about 40° F., but Per 
Larrson found that a heavy flow at 80 to 90 feet had a temperature of 44 
degi*ees. In the same paper I quoted the temperature of the North Tam- 
arack at 4400 feet as 84 degrees F. according to R. M. Edwards. Captain 
J. Hall, the mining inspector, in his annual report for 1901 says that 
the rock temperature at the bottom of the Tamarack No. 5, and at the 
Red Jacket shaft of the Calumet & Hecla, at 4900 and 4935 feet, is 87 
degrees. I believe that Mr. W. E. Parnell has stated that at a depth of 
4662 feet a thermometer placed against the rock and covered with cotton 
batting registered 82 degrees. 

Considering that the tendency must be to get the lower observations not 
high enough and the observations in the upper levels at low temperatures 
if anything too high, we may say that a line, which gives values for 
the upper levels as low as any, and for deeper levels as high as any, 
must be near the truth. It implies a gradient of 1 degree F. in 107 feet. 
It is a pity that a careful and expert physicist like Prof. Hallock of 
Columbia University, who has done special work in this line, should not 
have been allowed to make accurate tests. 

I find it diflScult to get thermometers thoroughly reliable, even to a 
large fraction of a degree, for this work. 

It will be noticed that such a gradient line points to an average soil 
temperature at the surface of about 42i/^° F., i. e., about 4° F. above 
that of the air temperature of Calumet. This is probably not wholly 
because mine ventilation has made the deep observations too low and the 
shallow ones too high, though that is the kind of effect it would produce, 
but observations of temperature close to the surface of the soil show that 
it differs materially, even in the average, from the air temperature, and 
gives us not merely a starting point from which to measure the rate of 
increase downward, but a measurement of the mean blanketing effect of 
snow, and of the physical condition of the soil, its diffusivity for heat, 
mean wetness, etc., for the former is very dependent on the latter. 

Generally speaking, the denser matter is, the better does it diffuse heat. 
Air is a poorer conductor than water, and water diffuses heat (except by 
convection) less rapidly than rock. Accordingly a porous, dry soil is 
a warm soil, i. e., loses heat more slowly than a damp, heavy soil.^* 



10 In a downcast shaft at the 14th level It was 43*. 

"Am. Journal of Science, Vol. IX, June, 1900. p. 435. 

13 Hugh L. Callendar and C. H. McLeod of the McDonald chair of physics In the Uniyersity 
of Montreal have recently published In the Transactions of the Royal Society of Canada. Sec- 
tion III, Second Series, 1895-6, Vol. I, pp. 1-19, and 1896-7, pp. 109-116, experiments that 
show not only this blanketing effect of snow, but also that the effect of sunshine can be 
most effectively studied. 

For Instance, the mean annual temperature of the soil within two feet of the surface of 
the ground was 47 degrees when the mean annual temperature of the air at Montreal was 
42.63 degrees F.,— over four degrees higher. (Qtite comparable to K^eenaw Point obser- 
vations.) "It is not improbable that this difference may afford a convenient measure of the 
protective Influence of the snow and will be found to differ materially In different years." 

The maximum heat at the surface occurs In Montreal In June and July. It Is coldest In 
December, but remains cold and the underground temperatures near 32 degrees- until April. 

At the depth of 9 feet the cumulative effect of the long winter cold did not come until the 
first of May, and that of the summer heat until the middle of October. 
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In Angstrooms' experiments from 1838 to 1844 at Upsaia, the lowest 
temperature at two feet depth was March 2 to 11 (.075), and the highest 
July 11 to 20 (16.20^ C.) and Aug. 11 to 20 (16.21° C), while at 10 feet 
depth the lowest was the last of April (3.89° C), and the maximum the 
last week of September (10.22° C). 

The mean air temperature for 8 years was 4.826 degrees C, and that of 
the soil 6.814 degrees C. At Stockholm we have for 1833-4, 6.637 degrees 
C. and 6.992 degrees C. ; for 1842-49, 7.994 degrees C. and 8.61 degrees C. 
respectively, showing how much they vary according to the local climate. 

Observations of underground temperatures at Grayling and at the 
Agricultural College have been published, but not for the winter months, 
and therefore give us no data as to the blanketing effect of the snow, 
though they may be made to let us know the thermal capacity of the soils.^* 
It would be interesting to compare the upper and lower peninsulas in this 
respect, for the latter has much .less snow. 

The same variation in diffusivity also exists among rocks, and the fol- 
lowing tables, compiled mainly from the report of the British committee 
aforesaid, are arranged to bring that out, and also the obvious, fact that 
generally the lighter and more porous the rock the poorer conductor it is. 

Diffasivities. 

Quartz 0086 

Sandstone 006 Conducts 8 per cent better wet. 

Flantones 0046 

Sand dry 0009 Kew experimental garden. 

Wet 007 '• " " 

May 23— June 6 .'. 006 Callendar and McLeod, (from .0379 

to .0015). 

Ave 0036 Callendar and McLeod. 

00872 Forbes and Thompson. 

Sandy loam OOM 1889 Report Brit. Asso. 

Slate 004 

Clayslate 0027 

Clay 0026 

Shale 0019 

Knoxyflle pink marble 00767 B. O. Pelrce. 

Vermont white 00681 Fine grained. 

Carrara 0060 

Limestone 0062 

Granite 0063 

Flint glass 00260 B. O. Peirce. 

00277 " •• 

Crown glass 00246 Oddone. 

00243 Leese. 

Pumice 0006 

Sohemnitz hornblende andesite 0029 

Trachyte 001 Ayrton & Perry Brit. Eney. 

Trap 0078 

007 Brit. Ency., 

Serpentine 0044 

RocksaltK 0113 

Copper 1.077 Brit. Ency. 

Water 0022 " 

Air" 0016 " " 

Wood 0013 »• •• 

From these tables we may infer that other things being equal, rocks 
containing much copper will have a high diffusivity and a small gradient, 
and that there will in general be no marked difference between sandstone, 
limestone, and our Lake Superior traps and granites. But surface 

^ Reports State Board of Agricnlture, 1888, p. 187 : 1889, pp. 85 to 101 ; 1890, pp. 143 to 
162 : 1891, pp. 92 to 97. 

^*Thi8 seems rather high. Has not the diathermic effect of radiant heat heen combined? 
" Air Is a poorer conductor than water, when not allowed to circulate. See pumice and wood. 
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materials, whether sand, gravel or clay, and shales will have a much less 
diffusivity and the temperature will rise more rapidly. Circulation of 
water in a hole will tend to make the gradient appear too low, and the 
circulation of water downward at the sides of a synclinal basin would 
make a low gradient, while at the center where there was upward pressure 
the reverse would be the case. 

It will be very interesting to compare the results we have found in 
mines with those in deep wells. There is one such at Lake Linden all the 
way in red sandstone, which flowed, and another was recently put down 
at Grand Marais, which did not flow. Observations should be made in 
these wells. 

There are also some deep artesian wells, which flow along the shore of 
Lake Michigan, the data concerning which are not very satisfactory. 
Back of the S. M. Stephenson house at Menominee is a well over 500 feet 
and less than 1000 feet deep, probably about 800 -feet, which is flowing 
with 15 feet head and a temperature of 55i/^ degrees F. Probably much 
of the way it is through Trenton and calciferous dolomite. The mean soil 
temperature ought to be 2 degrees warmer than on Keweenaw Point, — 
say 45 degrees, and the mean gradient 1 degree in 80 feet. 

At St. Ignace a deep well was put down by A. W. Palmer 1155 feet. 
The record already given may be summarized as follows : 

Dolomites and gypsum 174 174 

Bed and blue shalies and gypsum 226 400 

Dolomites (often very light colored, of the 
Niagara formation, with abundant water 
from 575 to 681 feet, and more at 1040 
feet) 755 1155 

The temperature of the flow was 51° F. This is about 2 degrees less 
than at Cheboygan and Alpena at that depth. 

Not far off, at Cheboygan, we have much fuller information. I attempted 
to get more data at St. Ignace, but the thermometer broke. At Cheboy- 
gan the water works are supplied by a well 408^® feet deep. It would flow 
naturally, but the yield is increased by an air lift, and the temperature is 
51.8°." 

Another old well near the McArthur's mill and the river, which is said 
to be 839^^ feet deep and cased to 70 feet but is loosely filled up, gave a flow 
temperature of 48.7° F. on March 10, 1901. 

There is another well about as deep (400 to 500 feet) as the water works 
well on tlie east side of the river near Nelson's mill. But the interesting 
well is the one put down recently over 2700 feet. I visited this March 11, 
1901. The well was then down 1380 feet and the temperature^** was 61.6 
degrees F. 

The mean annual temperature of Cheboygan according to the weather 
service is 41.6 degrees. At the conclusion I was not able to be present, 
but a series of tests were made by Mr. F. P. Rust, the contractor, and I 



" Other reports say over 400 and 464 feet. 

*' Green thermometer 7636. 

>' It Is also said that it is 900 feet deep and over 200 feet to bed rock. 

^*By Green thermometer 7812 attached to the top of the bailer, in a perforated brass case. 
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believe him to be intelligent and careful. The resnlts'® are: at 100 feet, 
53° ; 400 feet, 51° ; 700 feet, 51.5° ; 1000 feet, 55° ; 1300 feet, 60° ; 1400 
feet, 60.4° ; 1700 feet, 63° ; 1800 feet, 64° ; 2000 feet, 65° ; 2300 feet, 68° ; 
2700 feet, 73°. They indicate plainly difficulty in reading fractions 
of a degree, but taken together with the temperature of the water at the 
water works from 400 feet and my own reading at 1360 feet, agree quite 
fairly in a low gradient from 400 feet down of more than 100^^ feet to a 
degree, and also a much higher gradient from the surface to bed rock, 
even supposing the mean soil temperature to be 4 degrees more than that of 
the air. Fissures and water were fairly often encountered. The rock 
was very largely dolomite. This gi'adient matches fairly that on Kewee- 
naw Point. 

Going down to the opposite end of the State at Britton to get a well 
through similar rocks, thermometers let down on the rope of a bailer to 
945 and 1617 feet read 50° and 53° F. respectively. There is a brine 
at the bottom of the well, not so strong probably as a little that is 
seeping higher up. But taking the average of these two observations 
(63.3) as the temperature at the mean depth (1281 feet) we get a gradient, 
if the soil temperature is a little above that of the air temperature (48 
degrees), about the same as at Cheboygan. 

The well of the Diamond Crystal Salt Company at St. Clair was tested 
at 1635 feet and gave 71.2 degrees. Here, however, we have a new dis- 
turbing factor. Water has been pumped down for a good many years in 
this and adjacent wells to dissolve rock salt, though this well has been 
idle for some months. Only 200 feet away the tools were in a well which 
was being fixed. Near by the Salutaris well is said to have flowed at 92 
feet with a temperature of 51 degrees, and now, being pumped, stands at 
52 degrees, while the Oakland mineral well, 1200 feet deep or so, being 
pumped, is at a temperature of (59 degrees F. 

The old Wells boring at Port Huron, recorded in Vol. V but now stopped 
at 838 feet, was there at 37.5° F. ; at 600 feet, 55.3° F. ; at 300 feet, 54.2° 
F. (?) 

The mean air temperature of the neighborhood is about 46 degrees, and 
it is clear that for the first two or three hundred feet or so there is a very 
rapid rise of temperature, or the soil temperature is a good deal higher. 
Even thereafter the gradient must be greater, perhaps about 1 degree F. 
in 65 feet. There is more shale and gypsum in these wells than in the 
previous ones, and the record is perhaps comparable with the lower part 
of that at Bay City. 

This I have already mentioned and the record is elsewhere given.^' The 
East Saginaw first well flowed with a temperature of 47° F. at 102 feet, 
50° at 293 feet, 51° at 531 feet, and 54° at 617 feet. The air temperature 
is 45.4°.^' Hahn also gives the mean temperature of the brines as 60.4° F. 

■^By Green thermometer 0114. Mr. Rust followed detailed Instructions from me. and 
noticing the Irregular character of the first three obseryatlons repeated them to see If any 
error could be detected, but could not find any. He also writes: "Please note the temper- 
ature at 100 feet Is 2 degrees warmer than at 400 feet and ^^ degree warmer than at 700 
feet. This seemed a little strange to me. so when we had gotten all through I went over the 
first three tests again, but was unable to find the error.** Previous to his test of the temper- 
atures, however, he had plugged the well at 1000 feet and had been testing a brine at 1400 
feet, and no doubt convection currents have upset these somewhat. There were casings down 
050 feet and 1050 feet at the time. i 

" From 1400 to 2700 feet, 1 degree in 108 feet : from 400 to 1360 feet. 1 degree to 102 feet : 
from 400 to 2700 feet, 1 degree in 104 or 108 feet, while between the temperature at 400 feet 
and that of the air there is a drop of 10 degrees. 

"Am. J. S.. Vol. IX, p. 434. 

^•Hahnt p. 305, Berg. Hutt. Zeltung, 1867. 
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from a depth of from 600 to 880 feet, probably mainly below 760 feet. 
Then we have Davis's observations in the Bay City well, to wit : 

At 34o5 feet, 97° F., thermometer No. 5688 exposed 8 hours. 

At 2934 feet, 90.1 and 90.2° F., thermometer Nos. 5688 and 5690 
respectively exposed 1 hour. 

At 1793 feet, 77° F., thermometer Nos. 5688 and 5690 exposed 30 
minutes. 

At 1793 feet, 71° F., thermometer No. 4708 exposed 50 minutes. 

At 1304 feet, 65° F., thermometer No. 4708 exposed 1 hour. 

It is pretty plain that in the Saginaw valley the snow blanketing is not 
marked. The mean gradient of 1 degree in 67.07 feet agrees so nearly 
with intermediate observations that the departures from it may be 
assigned to insufficient exposure and difference in thermometers, though 
I am tempted to assign the decrease in gradient at the end down to 1 
degree in 75 feet to the fact that we are getting into the same beds that 
gave the low gradients at Cheboygan and Britton. Still it may perhaps 
be laid to aqueous circulation. 

I have in times past doubted the high temperature given for the bottom 
of the Alma well, 98 degrees at 2803 feet, but I have more faith in it for 
various reasons now: 

The blanketing effect is well marked at Alma. With a mean annual 
air temperature of 45 degrees, shallow flowing wells from 30 to 80 feet 
deep vary little from 50 degrees temperature. 

Again, in spite of various difficulties, I managed to get a thermometer 
down to 900 feet and found the temperature 69.6 degrees. The well had 
not been pumped for some time, but has been pumped the past 13 years 
perhaps 50,000 gallons a year. ^ 

Finally, some observations on the new Grayling well, which is similarly 
located and goes through similar strata, show a similar gradient, and 
allowing for an initial 3° difference, have a very similar temperature 
at the end. The Grayling observations are : 

On June 4, 93.8 degrees F. at 2376 feet 

On August 6, with No. 7815 : 

95.9° F. at 2600 feet, thermometer exposed 1 hour and 18 minutes. 
89° F. at 2150 feet, thermometer exposed 1 hour and 20 minutes. 
58.4° F. at 900 feet, thermometer exposed 2 hours and 30 minutes. 
51,8° F. at 500 feet, thermometer exposed 1 hour and 5 minutes. 

There was very little mercury forced through the neck of this thermome- 
ter at this last reading and the reading may be low. The water was about 
26 feet from the top. The gradients are : 

2600 to 2376 feet, 1 degree in 111.3 feet. 

2600 to 2150 feet, 1 degree in 65 feet. 

2376 to 900 feet, 1 degree in 59 feet. 

2150 to 900 feet, 1 degree in 40.8 feet. 
This very low gradient is probably all the way in fairly dry shale. 

900 to 500 feet, 1 degree in 60.5 feet. 
This is not reliable, as the 500 foot reading should, I think, be rejected. 

900 to feet, 1 degree in 60 feet. 

(Supposing the mean soil temperature to be 1.2° above that of the air.) 
There is here not so much sign of blanketing. It is obvious here that 
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except again in the very last part the gradient is even steeper than at' 
Bay City or Alma. 

We have tested one otlier well that goes down mainly in surface deposits 
and shalra, that at Muskegon. The mean air temperatnre is 46.8° F, 
The flowing wells from 240 feet depth on are at 53° to 53.5° F. Ryer- 
aon's well, plugged at 1200 feet but full of water, gave at 240 feet, 
53.2 degrees F. ; at 650 feet, 58.7 d^rees F. ; at 1150 feet, 67.2 degrees F. 

The gradients through surface from a soil temperature assumed at 47.2 
degrees, sandstone, and shale, are respectively 1 degree in 40 feet, 1 degree 
in 74 feet, and 1 degree in 59 feet. There is some oil in the bottom. 

It certainly looks as though the facts could be accounted for by sup- 
posing a difference of air and soil temperatnre of i^ to 4 degrees according 
to location, a gradient in the surface deposits of 1 d^ree in 40 feet more 
or less, in shale of.l degree in about 60 feet, in sapdstone 1 degree in 60 
to 70 feet, and in limestone, trap, and the denser rocks of about 1 degree 
in 100 feet. This is not far from the ratios their dilfusivities would lead 
as to expect. But we need more facts, and especially more accurate 
observations of gradients, of the effect of the mine ventilation, and records 
of soil temperatures continuous throughout the year. The effects, of oil 
formation and salt solution may then be eliminated. 



MAMMOTH AND MASTODON. 

Remains of large animals of the elephant tribe have been known ever 
since the early days, and are referred to in the annual report for 1841,^ 
and in WinchelFs report in 1850.^ 

At the Agricultural College are six teeth and half .the lower jaw of a 
mastodon, from Eau Claire, Berrien county, which may be the one referred 
to by Hubbard. 

It was found in digging a ditch and is well preserved. 

There are also remains from Lenawee county, and a lower tooth and 
part of a pelvis which were sent in in the spring of 1900 from the Shiawas- 
see river, in Howell township, by Ulysses Hilleker. They were obtained 
in dredging out the river for a light steamer. 

During the past year two instances have come under my personal 
observation of especial interest, because the animal proved to be the mam- 
moth, the rarer, it is supposed, of the two animals, mammoth and 
mastodon.* 

Mr. E. R. Grinold of Grand Ledge noticed in ditching north of that 
town that they had cut through a tusk, and through Mr. C. V. Fuller my 
attention was called. I went down there and found the remains barely a 
foot from the surface in a little low swale which Mr. Frank Tabor, the 
owner, said was a duck pond 40 years ago, — in other words, a good place 
for a large, heavy animal to get mired. We exposed three teeth which 
were plainly those of a mammoth, and were lying just exposed. The teeth 
were, two of them 8 inches long, the third 6. The tusk had flattened into 
an ellipse about 9x5 inches near the butt, and 6 or 7 feet long. 

A second discovery was made about three feet underground in ditching 
close to the Pere Marquette shaft No. 2 in East Saginaw, by Wm. Leamon, 
who brought a tooth to Wm. Richter, the well-known taxidermist of Sagi- 
naw,* who identified it as that of a mammoth. It was about 25 feet 
above lake, 2^/^ to 3 feet down, and in size 11x5 inches, and in pretty good 
condition, though the base was gone. 

Not far off in Tittabawassee township, I found pieces of a tusk among 
the farmers, said to have come from one cut in a ditch on Sec. 20 near the 
course of the Parker swamp drain about one- fourth mile north of the 
south line of the section. Mr.. Ricb'ter also says that three feet of the end 
of the tusk, the lower jaw and ril)b of a mastodon were found in a kind 
of quicksand six feet undergrAnrfi in digging a tile ditch on the Willis 
farm. 

^ Bela Hubbard's report ; mastodon in -^be western part of Macomb county, and on the 
Paw Paw river In Berrien county. 

* Page 132. Mastodon at Green Oak. Livingston county, and Plymouth, Wayne county. 
Mammoth in the northern part of Jaclcson county, and in Macomb. 

■ For free pamphlet describing the difference, write F. A. Lucas, National Museum. 

* Saginaw Courier-Herald, Oct. 31, 1901. 
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Other recent occurrences noted are: 

In a swamp in ditching Stafford's farm, Church*^ near Hillsdale, a large 
part of mastodon acquired by the National Museum. 

Olivet,® exhumed and acquired by the college, eight teeth and a large 
number of bones, the largest being 38 inches long and 25 inches around. 

Four miles west of Dorr^ by Frank Fleser and others, a jaw bone 8 
inches wide, 22 inches long, with several teeth, one being 7 inches from 
crown to root and 10 inches in circumference. 

Clinton, Lenawee county, by P. B. Gragg, "several teeth and bones." 

Mr. W. F. Cooper also found traces of one of these animals in Franken- 
lust. 

According to the notes of Mr. W. F. Cooper (1900, p. 16), a mastodon 
was found near the southwest corner of Sec. 3, Williams township. Bay 
county, about 621 A. T., and was sent to Ypsilanti, including a fragment 
of a tusk, but little curved, 8 feet 9 inches long, a femur and thigh socket 
9^ inches across, one vertebra 12 inches high from top to bottom, and 
one tooth. Found in a small, deep hole of mucky soil which had been a bog 
hole until drained. The skeleton was buried three feet below the surface, 
according to Mr. John C. Rowden, to whom the Survey is indebted for this 
information. 

Finally, relics of a mastodon and his meal have recently been found 
near Niles in the Bakertown marsh southwest of Buchanan, associated 
with marl, the shells of which have been described by B. Walker.® 

Now that the presence of mammoth and mastodon in the State are well 
established, the point of interest to me in these finds is to see how near to 
the present lake level, i. e., to how recent a d«ate these animals survived. If 
these finds in Bay and Saginaw counties are of animals mired in place, — 
it is hardly likely that so many fragments would be found far from shore, 
and they seem to be in hollows and miry places, — then it is certain that 
the animals survived at least until the lakes were down to about 30 
feet of their present level in that region. This means probably not more 
than a very few thousand years ago, and of course possibly a much more 
recent date. 

* Saginaw Courler-HeraId» June 9, 1901. 
•Sept. 29, 1900. 

»July 5. 

• Nautilus, March. 1808. Vol. XI. p. 121 ; September. 1899, p. 55. Details have been kindly 
furnished by Wm. HUles Smith. E. H. Crane of Kalamazoo has the bones. 



UPPER PENINSULA. 

In counection with limestones and prospects for gas and oil we have 
given some facts regarding the eastern end of the upper peninsula, a 
region that has been almost neglected since the publication of Vol. I. 

In the section in regard to temperatures we have given some points 
relative to underground temperatures in the iron and copper mines. 

Prof. C. R. Van Hise has published, in the last annual report of the 
United States Geological Survey (Twenty-first, Part III, p. 313), a:n 
admirably lucid summary of their investigations on the iron ranges. 
There is, however, as it seems, still room for work to be done in the iron 
country, and especially for the preparation of a map, on as large a scale 
as can be conveniently handled, to cover the whole upper peninsula and 
summarize and supplement the work of the United States Geological 
Survey, and more carefully adapt it to the section lines. 

There is yet other work. Outlines of the iron ranges not covered 
by their detailed maps should be worked up, and the lines of magnetic 
attraction, which are £C key to the structure of the iron-bearing 
series, should be and can be followed under the surrounding mantle of 
sedimentaries. There are, however, two men so pre-eminently qualified 
for this work that it would be a pity to set anyone else at work so long as 
there is any chance that one of them may be had, — H. L. Smyth, in charge 
of the Mining Department of Harvard University, who has superintended 
some important private geological surveys as well as been connected with 
the United States work, and A. E. Seaman, in charge of Geology in the 
College of Mines, who has studied these rocks in the field every summer 
for nearly fifteen years. 

Both of these men, however, deserve much better pay, and receive it, for 
that class of work, than it is easy to provide from our appropriation with- 
out dropping practically everything else. An extra appropriation for 
iron country work, such as I suggested to the last legislature, of J4,784, 
might easily pay for itself in taxes in a few years, if thereby new mining 
districts were opened up. 

In the copper country-. Dr. Hubbard and Mr. Savicki have continued to 
collect data. 

Two other matters of somewhat curious interest may be referred to here 
that those interested may not overlook them. 

Prof. G. A. Koenig of the College of Mines has continued his researches 
on the basic arsenides of copper, of which a series occur on Keweenaw 
Point, to wit: 



Cu 



Asi Keweenawlte (-f 20 per cent Ni). 
1 Domeykite (+ I^i is Mohawkite). 
1 Ledouxite. 
1 

1 Algodonite. 
1 
1 Wliltneylte. 
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Papers will be found in the current American Journal of Science and 
Proceedings of the Lake Superior Mining Institute. 

The second point is the divergence of the plumb bobs in the Tamarack 
shaft. In planning connections of Tamarack shaft No. 5 with the rest 
of the mine plumb bobs were dropped down the shaft 4250 feet long and 
17.58 feet apart at the surface. They proved to be 17.65 feet apart at the 
bottom. They were composed of No. 24 piano wire and had 50-pound steel 
bobs at the end. 

In No. 2 shaft the experiment was repeated with lead bobs, and the 
divergence was from 12.6 to 12.7 feet.^ Some discussion has sprung up as 
to the cause, and President McNair of the College of Mines will undertake 
further experiments.^ 

The fact is that these deep shafts furnish the finest chance in the world 
for experiments in geophysics, and so far as the exigencies of mining 
permit they should be used. This is a work which we should either do or, 
better yet, cooperate with the College of Mines in doing. 

One subject, that of the extent to which the temperature of the sur- 
rounding rock may be afifected by the ventilation of the mine, is a very 
important question, practically and scientifically, to solve which business 
and scientific men of various kinds should work hand in hand. 

^ See Portage Lake Mining Gazette, March 28, 1901, for description of shaft and section 
down to C. & H. conglomerate ; Oct. 8, description of effect. Letter of R. M. M., Oct. 13, Oct. 
15, Dec. 29 ; Prof. W. H. Hallock, Jan. 16 ; C. B., Oct. 16, etc., for explanations. 

' Pres. McNalr's results have been published while this report Is going through the press. 
See the Portage Lake Mining Gazette for May 1, 1902, and Engineering and Mining Journal 
for April 26, 1902. The essential result is that ventilation currents are the dominant factor 
in the effect observed. 



RELATIONS OF THE GEOLOGICAL SURVEY. 

AGRICULTURAL COLLEGE. 

The close relations into which I have been brought with the Agricultural 
College, to which I referred last year, have been continued and have been 
a source of sincere satisfaction. The work of the survey is such that 
questions continually arise which are fit subjects for advanced students 
to investigate and report on by thesis, such as the composition and 
character of coal, of water, the connection between botanical distribution 
and soils and we have been able to furnish advice and in some cases a 
moderate amount of financial assistance to such students. 

There is also a demand for chemical investigation of various raw 
materials and ores. It seems to me that when the results of the test will 
be mainly to the benefit of the land owner the one benefited should pay, 
but in other cases, as has been recognized in the question of public water 
supplies, the State has recognized the public interest in the matter. Many 
state geological surveys employ a chemist constantly but it has seemed 
to me wiser, in view of the fact that the State already supports five or 
more chemical laboratories, to save expense of equipment by asking their 
assistance, under such conditions as may be found acceptable, and in this 
I have been met more than half way by Prof. F. S. Kedzie, and I have 
him most particularly to thank for much uncompensated work, in addi- 
tion to that for which we were able to pay. I have also to thank Dr. V. C. 
Vaughan and A. O. Campbell of the University, Dr. G. A. Koenig of the 
College of Mines and numerous private chemists, whose names will be 
found appended to the analyses they have contributed for additions to 
our knowledge of the chemical relations of our raw materials. 

While, however, a certain amount of a certain grade of chemical work 
can be done by students in the course of their studies, and in return for 
material supplied by the survey, and not a few questions received at the 
Agricultural Pol lege have been turned over to me to answer, it is only fair 
and proper that the survey should furnish adequate pay for accurate 
and elaborate analytic work, and there are a number of lines of investiga- 
tion for which I should be glad to have larger resources. 

A careful and systematic examination of our brines for the potash 
might be of great technical value for the State. A series of analyses to 
test Van Hise's theory of the origin of our ore deposits would be of 
scientific interest, and samples of clay, etc., continually come of interest 
enough to warrant more extensive investigation. Some of these investi- 
gations might be undertaken jointly. The search for nickel to which I 
have referred is rather a subject for thesis investigation. 

I have also Messrs. Beal, R, C. Kedzie, Barrows, Vedder, Wheeler, and 
Longyear to thank for scientific assistance. 
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My relations with the experiment station work have continued of a 
mutually helpful character. As it does not refer to my own work but 
that of Prof. W. H. Sherzer^ I beg leave to quote the folloving letter : 

Experiment Station, Agricultural College, Mich., December 7, 1901. 

My Dear Sir — It gives me great pleasure to report to you an incident which casts a side 
light of value of your most excellent work to the practical, every-day industries of Michigan. 
I was recently asked by certain parties interested In sugar factories and seeking new sites 
for factories, to make a survey of Monroe county and find its adaptability to this industry. 
On inquiry I found the work of Prof. Sherzer on the soils of that part of the State. With 
the map from his work In hand I began the survey. After working two days to verify his map, 
I found it so correct, even in minute detail, that I stopped my work at once and sent in his 
map as my report, giving, of course, proper credit to your office. That map was final author- 
ity In the hands of the syndicate. Later I have worked elsewhere in the State and have 
found that you have preceded me and done the work so well that I have simply referred the 
people Interested to your investigations, and they have gladly accepted them. I con- 
gratulate you, therefore, in having been of signal benefit to our nascent agricultural Industry. 

Yours respectfully, 

C. D. SMITH, Director. 

COLLEGE OF MIXES. 

I was very glad to let them have the services of our Mr. Cooper to collect 
samples of the materials of the Lower Peninsula, particularly those of 
economic value, for the collections which they are preparing to loan to 
the high schools, but they paid his salary and expenses when thus engaged. 
But now President McNair has suggested to me the possibility of co-opera- 
tion in the study of some of the deep shafts of the copper mines. These, 
unique in depth and in other respects, offer an opportunity for the study 
of the diffusion of the heat, electricity, magnetism and gravity of the 
earth which should not be neglected, in which study we ought to work 
hand in hand with the ( 'ollege of Mines, as the results would be a part of 
a geological survey of the State. The only question is how much can we 
do with our inonev and our other calls. 

a* 

Another point in our relations with the College of Mines is by no means 
so agreeable to take up. 

As you will remember, the building of the Geological Survey has stood 
for some eight years upon land belonging to the College of Mines, which 
they reserved the right to use if needful. I append the vote of the Board 
of Control of the College of Mines upon the subject which was accepted by 
your Board.^ I presume that it is true that at the time of the location 
none foresaw the rapid growth of the Mining School or supposed that the 
necessity of removal would be anything but a very remote contingency. 

After some correspondence, which was laid l)efore you,. ancV informal 
oonversiition with the presidents of the Board of Control and the College, 
in July, 1901, I met with the Board. I found that they recognized the 

» On Monroe County. Vol. VII. Part I. 

' A meeting of the board of control of tbe Mlclilgan Mining School, duly called, was held at 
the office of the chairman on the 0th day of October. 189:{, at 2 o'clock p. m. There were 
present : Jay A. Hubbell. chairman : Alfred Kidder. P. C. P. West, T. B. Dunstan. 

The following resolution was offered and on motion was duly carried and adopted, viz. : 

That the Board of Geological Survey for the State of Michigan l>e permitted to erect a 
suitable building on the east side of the Michigan Mining School property for the Geological 
Survey, on a piece of ground to be designated by the executive committee of the board of 
control, and to occupy the same free of rent for the purpose of carrying on said survey, but 
for no other purpose : said ground occupied by said building to be under the general manage- 
ment of the board of control of the Mining School. The board of control reserving the right 
If at any time the ground occupied by said building should in their judgment l>e needed for 
the use of the Mining School, to remove the structure to some other part of the grounds : 
the said (leologlcal Survey to occupy said ground on which such building shall be erected as 
tenants at will of the board of control of the Michigan Mining School. 

88 
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embarrassing position in which we were placed, for we were only notified 
when it was too late to obtain anything from the legislature, as well 
as their obligations to provide for the removal and a new site for the 
Geological Survey building upon their grounds. But I found a consider- 
able difference of opinion as to where that site should be, and I saw that 
not only would the site be neither so convenient nor so dignified as the 
present but it would not be permanent. The new building for the College 
of Mines might mean a new move and it was a question whether your 
Board could compel the Board of Control to pay the expenses of moving 
each time. There was at least a chance of legal controversy, the expenses 
of both sides of which, as well as of the removal, would in any case fall 
upon the taxpayers of the State. Of course, too, every remove meant a 
certain amount .of damage to Survey property and interruption of the 
scientific work of the Survey. Mr. Savicki has done Httle but look after 
things for the past few months. 

I therefore proposed to the Board of Control that if they would find the 
balance I would, personally, subscribe flOO for a lot of land upon the 
slope over against the grounds of the College, upon which to place the 
building where it might permanently rest. In this they met me more than 
half way leaving me but ?75 to pay. Besides the members of the Board 
of Control, President McNair and Mr. Charlton, the architect, con- 
fributed and a lot was obtained, which was marked on the plat at 
jf350, through the good offices of H. S. Goodell for f250. The removal 
has, I regret to say, dragged out so that even today the building is not 
completely on its new foundations, and it will be impossible to giye 
the data regarding publications issued and received which have annually 
been included in this report I shall try to supply the omission next year. 
It would be a very wise thing, in view of the ever accumulating mass of 
valuable material, to veneer the building with brick, now that it is no 
longer so isolated, and at the sanje time provide for enlargement. 

The organizers of the Geological Survey expressed their sense of the 
close relation in which it stood to the educational interests of the State by 
making the Superintendent of Public Instruction a member of the Board. 
The work should stand in close relation with the colleges as well as tcf the 
business interests of the State. In regard to its relation to the secondary 
schools, you have instructed me to furnish the reports gratis to teachers, 
and a good proportion have gone that way. The demand for Prof. 
Sherzer's report on Monroe county has been especially lively. 

In regard to the question sometimes agitated as to the introduction of 
geology into the high schools, my opinion is strongly against any teaching 
of geology as such by itself, and a "fourteen weeks course in geology" is 
more of a burden than a benefit. Geology, as the life history of the earth 
as a whole, presumes an acquaintance with most other sciences, and if 
introduced too early can only lead to half grounded knowledge. But 
there are several other matters of study often neglected unless introduced 
under geology, which might and should receive greater attention. Miner- 
alogy, including a recognition by sight or simple tests of the commoner 
minerals and rocks, exercises the same powers of observation and discrim- 
ination as botany, leads also to open air excursions, and gives a freer vent 
to that instinct for collecting, which finds much less scientific bent in 
stamp collecting. It is quite as practical as botany on the w^hole, and 
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Prof. Gregory of our force, who is also superintendent of schools at East 
Tawas, has found it is much more attractive to boys. One of the great 
problems in high schools is to keep the boys in school as long as their 
sisters. It is not normal nor desirable that the women should be better 
educated than the men. It is a matter of experience that mineralogy 
appeals to boys as botany does not. It seems to me that in our county 
reports or in special bulletins we should assist the local teachers in the 
local mineralogy. The collections made for them by the College of Mines 
to which I have referred will be of interest in this matter. 

Another subject where the Survey can help the local teacher and should 
do still more in the future, is in the study of geography, especially physical 
geography. Between geography properly taught and geology' there can be 
no sharp line. Both should be taught by beginning with facts of common 
experience to the school. That is to say, the scholars should begin with 
the map, the raw materials, the river, lakes and physical geography of 
their own neighborhood. In this study our county reports can be of 
material assistance, and such men as Messrs. Davis, 8herzer, Gordon, and 
Gregory, experienced and successful teachers, should be employed in 
teachers' institutes to inform others in the art which they have learned 
of making real and interesting the study of geography by the use of local 
facts. 

OTHER SOCIETIES. 

I have tried to keep the Michigan Academy of Science, the Michigan 
Engineering Society,^ and the Lake Superior Mining Institute informed 
and interested in our work, as their membership forms the constituency 
who will most naturally appreciate our work, and brief papers have been 
presented before these bodies. 

A scientific subject of most practical bearing is that of forestry. Not 
merely the question of keeping up a supply of lumber for those industries 
which are so weighty a part of the business life of the State is concerned. 
Room for the manly sport of hunting and fishing, and the preservation of 
pure sources of civic water supply and of constant water power are also 
concerned, and perhaps the whole question of climate as well. And in 
planning forest reserves it is essential that such geological studies as 
Livingston's and McLoirth's, Taylor's and I^verett's, here presented 
should precede, in order to have intelligent action. The Geological Survey 
should co-operate and I personally made one trip about Roscommon with 
the State Land Commissioner and other interested parties and have 
always tried to give him prompt information. But the amount of work 
which ought to be done soon is far beyond our present means to co-operate. 
I would however earnestly recommend that no land belonging to the 
State either directly or to any one of its great schools be sold until 
it has been carefully examined, with due regard not merely to the surface 
but also to the depth of that surface and the general structure and water 
supply, and availability for farming or other uses. 

^ WMcb body passed a vote of thanks for what you have done toward topographic survey. 
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A very detailed map of the immediate neighborhood of Ana Arbor, 
may be issued separately. 

Jn regard to the deep seated rocks, the same arrangement by which 
we have confined ourselves to the copper bearing rocks, and the workers 
under Van Hise to the iron bearing rocks has been continued. But as the 
U. 8. Survey has nearly completed its work on the iron bearing rocks we 
ought to begin work on that district again. C. R. Van Hise in charge has 
just issued, as I have mentioned, an admirably clear resume of his results 
and his theory of the origin of the iron ore deposits. The terms upon which 
the publications of the Survey are to be obtained vary, and enquiry should 
be made of the director of the U. S. Geological Survey at Washington, 
D. C. 

In regard to the paleontological work, I trust that arrangements may 
be made so that for detailed correlation and study of parallel forms we 
may have the assistance of the U. S. Survey, so that descriptions of new 
species, and comparisons with fossils of other states and such matter of 
interest to science generally, nmy be given their wide circulation, and that 
tyjDe specimens may be on deposit in the National Museum, while we may 
have abundant duplicates for local use and distribution, and illustrations, 
and stratigraphic and other matter, peculiarly of State interest may also 
appear in our reports. 

wherever such primary control Is deficient It shall be supplemented by the Co-operative 
Topographic Survey. 

4. The survey shall be executed in a manner sufficiently elaborate to prepare a map upon 
a scale of 1 :125.000, exhibiting the hydrography Including the courses of the principal drains, 
hypsography and public culture Including the location of farm houses and roads, and all 
town and county boundary lines and township and sections of land survey lines, as marked 
upon the ground at the time of Its completion. In form similar to the sheets already com- 
pleted 'in other states. The preliminary field maps shall be on such scale as the director of 
the United States Geological Survey may select to secure accuracy In the construction of the 
final map. 

5. The hypsography shall be shown by contour lines with vertical intervals of 20 feet. 

6. The heights of Important points shall be determined and at least one permanent bench 
mark established In each township or equivalent area and a list of elevations and descriptions 
of them furnished to the Board of Geological Survey. 

7. The outlines of wooded areas shall be represented upon proofs of the engraved map to 
be furnished the Board of Geological Survey. 

8. For convenience the United States Geological Survey shall, during the progress of the 
field work, pay the salaries of the permanent employes engaged thereon, while the traveling, 
subsistence and field expenses shall be paid for the same time by the State. For office work 
on the map the salaries shall be dlvldea between the two agreeing parties In such a way as to 
equalize all expenses, provided that the total cost to the State of Michigan of the field and 
office work shall not be more than two thousand dollars ($2,000). except as may be hereafter 
agreed, and provided that the United States Geological Survey shall expend an equal amount 
upon the same work. 

9. During the progress of the work free access to the field sheets and records of the topo- 
graphers and draughtsmen shall be afforded the State Geologist or his representative for 
examination and criticism : and should the said State Geologist deem that the work is not 
being executed in a satisfactory manner, then he may, on formal notice, terminate this 
agreement. 

10. The resulting map shall recognize the co-operation of the State Board of Geological 
Survey of Michigan. 

11. When the work Is completed, the Board of Geological Survey of the State of Mich- 
igan shall be furnished by the Ignited States Geological Survey with photographic copies of 
the manuscript sheets : and when the engraving Is completed, and at all times thereafter when 
desired, it shall be furnished by the said Survey with transfers from the copper plates of the 
map for use in printing editions of said maps. 

12. Field parties shall expend their own money and take duplicate receipted vouchers. 
These to be examined and approved by the director of the United States Geological Survey, 
and those provided by section 8 to be forwarded to the State Geologist and paid by the 
Auditor General by draft upon Detroit. The director of the United States Geological Survey 
Is to make a monthly statement of account to the State Geologist showing expenses by 
United States, as well as vouchers furnished to the State. Expenses by both sides to be 
finally balanced not later than September 1, 1002. 

*r. u A . .«^. ALFRED C. LANE, 

Lansing. Mich., August. 1901. State Geologist. 

C D. WALCOTT 
Washington, D. C, August. 1901. Director of the U. S* Geological Survey. 
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money, which with your permission I employed in preparing, in accord- 
ance with a long cherished plan, a sample sheet of a topographic map such 
as the U. S. is prepared to execute in co-operation with the State. The 
advantages of such a map have been repeatedly urged,^ and it seemed 
to me that by thus preparing a sample sheet where it would be of use to the 
great number of students at the University and Normal College, the 
growth of a general public sentiment which would appreciate such maps 
would be helped. It is obvious also that for all our geologic work, 
mapping soils, forests, rocks, borings, etc., a good topographic map is a 
prerequisite to accurate work and that If we can get the U. S. Survey to 
bear half of the expense of the same we are so much ahead. 

Accordingly the subjoined contract with the U. S. Geological Survey 
w^as prepared^ under the provisions of which the following work has been 
done and expenses incurred. 

United States Geological Survey, Washington, D. C, December 31, 1901. 

Dear Sir — Referring to my formal agreement with you for the execution of a co-operative 
topographic survey of a district in the vicinity of Ann Arbor, Michigan, by the terms of 
which agreement you contributed $2,000, provided that this Survey would expend an equal 
amount upon the same work, I have to make the following report : 

Immediately following the signing of the agreement Mr. John H. Renshawe. geographer, 
in charge of the central section of topography, was authorized to begin the preparation of 
plans for field work. Mr. George T. Hawkins, topographer, began work on the horizontal 
control for the district on August 21 and continued until September 3, during which time 
he ran 116 miles of primary traverse, starting at the triangulatlon station of the U. S. Lake 
Survey at Tecumseh, tying with the astronomic position at Ann Arbor, thence to Detroit, 
where he connected with the primary position of the U. S. Lake Survey. 

Mr. Robert Muldrow. topographer, was placed In charge of the topographic field work, which 
was commenced September 2 and was prosecuted without interruption until the end of 
November, during which time 202 miles of primary spirits levels were run, based upon the 
precise datum established by the U. S. Coast and Geodetic Survey at Gibraltar, and 110 
square miles of topography were completed on a scale of 1 mile to the Inch, with a contour 
interval of 20 feet. The topographic work completed lies In Tps. 1 to 3 S. inclusive, R. 6 E. 
The field work was necessarily slow on account of the complicated glacial forms 'in the 
vicinity of Ann Arbor. 

From your contribution there has been expended in field work, as shown by the vouchers 
which have been sent you, $1,012.65, against which this Survey has expended from Its own 
funds for the permanent salaries of Messrs. Hawkins and Muldrow, and for traveling expenses 
to and from the field, the amount of $601.41. 

Field work will be resumed as soon as the weather will permit In the early spring, when 
the balance of your contribution will be expended and the work continued until the district 
Is completed. It is expected that the work will be finished In the early fall and that the sheet 
will be published about a year from this time. 

Very respectfully, 

H. C. RIZER, Acting Director. 



^ By the Michigan Academy, Engineering Society, Prof. Russell, and others : 

Senate op the United States, 

Committee on the District of Columbia, 

Washington, D. C, February 18, 1001. 

My Dear Sir — I have your letter of February 11. In regard to a topographic survey of the 
State of Michigan, the expense to be met partly by the State and the work to be done by the 
United States Geological Survey. As you surmise, 1 am familiar with the topographic maps 
issued according to such arrangements. They are valuable beyond any price that can be 
put upon them, and the State of Michigan more than almost any other state needs Just such 
a map. The provision that the Ignited States shall share in this expense Is an unusually 
liberal one on the part of the general government, and In my judgment there should be no 
hesitation on the part of the State of Michigan to take advantage of it. 

Yours very truly, 

JAMES M. MCMILLAN. 

Prof. Alfred C. Lane, State Geologist, Lansing, Mich. 

' Agreement between the State Geologist and the director of the United States Geological 
Survey for the execution of a co-operative topographic survey of one thirty-minute quad- 
rangle In the State of Michigan : 

1. The preparation of the map shall be under the supervision of the director of the United 
States Geological Survey, who shall determine the methods of survey and map construction. 

2. The quadrangle to be surveyed under this agreement shall be that between latitude 40° 
and latitude 40'30' and longitude 83%30' and longitude 84^ 

3. The work shall be based upon the triangulatlon of the United States Lake Survey, and 
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WORK. 

Upon the completion of Vol. VIII, and the Annual Report, some county 
reports should be ready for publication as Vol. IX. I should like to have 
a group of counties about Saginaw bay included. Until we are better 
caught up with the preparation and publication of reports on counties 
of which the field work is don^, I doubt the wisdom of pushing county 
work much with this one exception, that Prof. Sherzer has returned 
and will be unusually able to take up field work the next few months. 
In connection with his very successful and valuable Monroe county report 
he has already done part of Wayne county. The sinking of the shaft of 
the Michigan Rock Salt Co. will give an unique opportunity, and it is time 
that we rounded up the numerous well records which we have collected 
along the Detroit river. Therefore I would recommend that Prof. Sherzer 
be employed to prepare a i*eport on Wayne county similar to that which he 
has prepared on Monroe county. 

Peat has excited considerable interest of late and I have had numerous 
inquiries regarding it. It seems to me that where we have so much 
bituminous coal it is not likely to be so important an industry as in 
Canada. But the resources of the State are very great, and especially in 
the Upper Peninsula, w^here there is a dearth of fuel, it might be that the 
use of peat which was tried years ago, would not only find a domestic 
market, but be the means of utilizing vast quantities of low grade ores. I 
would recommend that a report on peat be prepared. 

The production of gypsum in the State is not keeping pace with that in 
other states, nor is it commensurate with the w^ealth of our natural 
materials. The industry is in a few hands which are perhaps not anxious 
to see it grow beyond their grasp. We have had an opportunity to have 
a report prepared by an exceptionally competent man, and I would like 
to see one undertaken if we can afford it. 

We ought also to prepare a general geological map of the Upper Penin- 
sula on such a scale as to show the sections and in corresponding geologi- 
cal detail. And we ought really also now to take up a general review of the 
iron country, filling up various gaps left by the U. S. Survey, adapting their 
work more closely to the property lines, putting it into more portable 
and economic shape, and extending the surveys of lines of magnetic varia- 
tion and the study of the structure as far as they can be extended beneath 
the mantle of the Potsdam sandstone. But in order to do anything 
worth while in this direction we must have more money. My friend and 
classmate, Prof. Smyth, head of the Mining Department of Harvard 
University, would be an admirable man to take charge of this work for us, 
as he has already conducted important private geological surveys for 
some of the larger corporations and I think I could persuade him to do 
it, if there were enough money available to do anything worth while in 
any 'reasonable time. 

I see no reason for large expenditure in gathering up, correlating and 
tieing the records of the recent surveys in the copper country. By another 
year, however, we ought to do much more work in the northern peninsula. 
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FINANCIAL. 

Owing to the confusion existing in the Houghton office which is not 
yet plastered it is not possible to give as usual just the exact statistics of 
distribution of our reports. Of Vol, VI there are very few left. Of Vols. 
V and VII there is just a comfortable supply. The main demand in 
Vol. VII has been for the Monroe county report. 

The expenses up to July 1 were as follows : 



Total. 



July 

Aufcust 

September. 
October.... 
November. 
December . 
January . . . 
February... 

March 

April 

May 

June 



Belate<l vouchers. 



Total 



Salary. 


Field. 


Office. 


$634 87 


$112 86 


$67 82 


667 73 


166 80 


68 64 


666 68 


127 23 


37 96 


663 49 


216 67 


102 94 


426 02 


82 63 


133 60 


468 60 


79 69 


16 95 


462 20 


20 16 


64 16 


446 60 


65 29 


24 00 


464 80 


30 38 


37 48 


460 40 


4 86 


61 36 


442 30 


42 48 


27 81 




32 18 
68 98 


114 06 
40 76 






60 00 


10 29 




$6,134 79 


$1,077 88 


$786 73 



$806 64 
892 07 
821 87 
882 00 
642 16 
664 04 
646 61 
634 89 
630 06 
611 01 
530 69 
688 64 
99 74 
60 29 



$7,999 40 



Of our appropriation for the current fiscal year |4,338.57 has been 
spent, of which f 1,012.65 has been spent through the U. S. Survey for the 
topographic survey about Ann Arbor. The balance of the year there will 
be little chance to do anything but regular routine work, getttng out the 
annual report, Vol. VIII, part III on Marl and Cement materials, paying 
for our share of the work around Ann Arbor, and preparing the county 
report for the ordinary office and salary list cannot fall below f425 a 
month. 

The appropriation for next year beginning July 1 may be divided 
as follows provisionally: 

Fixed Ralaries and office expenses $5,300 

Continuance of work — 

Report of borinKfi 60 

Kxpenses on reportfi and sundries 2.50 

Co-operation in topographic survey 200 

Arenac county work continued 200 

Bay county work continued 320 

Tuscoia county 300 

F'ield expenses of State Qeologlst 270 

Limestone work continued ( (irabau ) 200 

1 ■. P. field work 300 

New work — 

Wayne county ( Sherzer ) 



600 



Desirable but apparently not feasible — 

I*eat $200 

(>ypsum report 550 

Co-operation In topographic survey 3,000 

Iron country surreys, not less than 4,784 

34 



18,000 



18,534 



APPENDIX. 



REPORTS OF C. H. GORDON ON THE PORT HURON OIL FIELD, AND THE EROSION 

OF THE SHORE NORTH OF PORT HURON. 



THE PORT HURON OIL FIELD. 



C. H. GORDON. 



INTRODUCTION. 



The special investigations upon which this report is based were made 
under the direction of State Geologist, A. C. Lane, during the summer of 
1901. A considerable amount of data, howeve^r, relative to the stratigraphi- 
cal relations of the region had been obtained by the author while prose- 
cuting field Work for the report on Sanilac county in 1896. 

The presence of oil in rocks underlying Port Huron has been known 
many years but until recently it has not been obtained in sufficient quan- 
tity to be of commercial importance. The occurrence of oil in Western 
Canada was described in the reports of the Geological Survey of Canada 
nearly sixty years ago and "although at that time no use for the substance 
was known in Canada, except as a supposed remedy for rheumatism and 
for spavin for horses. Sir William Logan, the director of the Survey, with 
characteristic sagacity, foresaw that it might some day become of value 
in this country, as it had long ago proved to be in the East."^ 

In 1860, following the introduction into the province of illuminating 
oils distilled from coal and shale, interest in the subject was renewed and 
attention was again called to the existence of natural oil and "gum-beds" 
in the county of Lambton in the west and Gasp^ in the east. In the winter 
of 1860 and 1861 several great flowing wells were struck at a place in 
Enniskillen township to which the name of Oil Springs was given. "The 
oil escaped so rapidly that many thousands of bari-els were lost before it 
could be controlled, or the means provided for saving it.'' In these wells 
the oil was found in the upper part of the Corniferous limestone beds at a 
depth of 260 feet from the surface. As development went on some 
additional flowing wells were obtained but one by one they were all 
reduced to pumping wells and some gave out altogether. 

The Oil Spring area is said, by Robert Bell, acting Director of the 
Canadian Geological Survey, to whom we are indebted for information 
concerning the Canadian field, to be of small extent. It lies between the 
village of the same name and the south line of Enniskillen township. The 
oil field of Petrolia begins a little to the southeast of the center of Ennis 
killen and extends in a west-northwesterly course parallel with that of 
Oil Springs nearly to the center of Sarnia township, a distance of twelve 

1 R, Bell, Traikiactions Ro>'hI Society, Cuiada, 1887. 
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or thirteen miles. It has a breadth of two to three miles, the center third 
being most productive. 

Oil operations went on in this region with varying activity until 1886 
when renewed impetus was given to the enterprise by the discovery of a 
third oil bearing area in Euphemia township parallel with the longer 
axes of the Petrolia and Oil Springs areas. 

The interest excited by the Euphemia discovery led to the sinking of 
several wells at Port Huron in 1886 and 1887. Prior to this some wells 
had been put down along the riVer with the expectation of finding gas. 
While nearly all of these were successful in finding gas in the upper part 
of the Dundee limestone at about 500 feet from the surface the pressure 
was too weak to make them of commercial importance and none ever 
went beyond the "burning well'' stage. In 1886, C. A. Bailey undertook a 
determined search for oil, putting down a number of wells. Well No. 1 was 
located 500 N., 1000 W., Sec. 9, T. 6 N., R. 17 E., and the two others are 
supposed to have been in close proximity to these. The records of these 
wells are published in Vol. V, Michigan Geological Reports. These records 
show that the oil rock (Dundee) was reached at 543, 545 and 572 feet 
respectively. A small amount of both oil and gas was obtained from these 
wells but the further attempt to develop the area was abandoned. The 
surface elevation of this locality is about 605 feet A. T. or 25 feet above 
the level of Lake Huron. 

In 1887, F. L. Wells sunk a well to a depth of 1,685 feet stopping in the 
Salina . formation. This well is located on the bank of Black River, 
opposite Kern's Brewery, about five feet above the level of the lake (585 
A. T.). The oil formation (Dundee) was reached at a depth of 515 feet 
with '^show of oil and gas."* 

Following this period of activity, interest in the oil question subsided 
until 1898 when G. B. Stock, who had formerly operated in the Canadian 
field organized the Michigan Development Company and began opera- 
tions on the Goodrich property in close proximity to the Bailey wells. 
The amount of oil obtained was considered sufficient to pay for operating 
i and additional wells were sunk until now sixteen wells are scattered 

\ over that area, most of which are pumping. In addition to these wells, 

I Mr. Stock put down several wells in other places north and west of Port 

Huron in the hopes of finding a greater supply of the fluid. His example 
!■ has inspired other prospectors with the hope of successful ventures and 

f several other attempts have been made though as yet with little success. 

L. W. Holt representing outside capitalists began operations on the 
Sweitzer property about three miles north of the Stock wells, and a local 
company began on a well at Valley Center, thirty miles northwest of 
Port Hiiron during the winter of 1898 and 1899. 

Sources of Oil. — The presence of oil in a formation depends rather upon 
the structure and attitude than upon the nature of the rocks. No geologi- 
cal horizon can be regarded as distinctively an oil horizon. In north- 
western Ohio and Indiana the Trenton is the source of supply of the oil 
and gas of that region while in Pennsylvania, West Virginia, New York 
and Canada the Devonian is the great oil bearing horizon. In Texas, 
while both oil and gas are known to exist in the Carboniferous and in 
the Cretaceous, in a few localities of the latter only is there sufficient 
quantities to be of commercial value. Of these the Corsicana field is the 

• See Vol. V and p. 254 of this report. 
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most important. In the Beaumont field where the richest oil strikes of the 
last quarter century have been made the oil is found in the middle of the 
Tertiary, probably in Miocene rocks. In California the oil comes from 
rocks ranging from Neocene to Miocene, and in Galicia( Austria-Hungary) 
the oil bearing rocks range in age from Cretaceous to Miocene. The 
Bussian oil is obtained from Lower Miocene. 

According to B. BelP the anticlinal theory in connection with the 
accumulation of gas and petroleum originated with Dr. T. Sterry Hunt, 
who announced it in a lecture published in 1861. According to this 
theory these lighter fluids following the upward slopes of strata accumu- 
late in largest quantity under the summit of the dome. Naturally the gas 
being lightest takes the highest place, the oil next while the water below 
presses hard upon them. When the summit of the dome is tapped gas, 
if present, will escape first followed by the oil then water. The more 
extensive the anticlinal as to breadth or depth the greater will be the 
accumulation of gas and oil and hence anticlinals of small extent are 
not likely to prove profitable sources of supply of these products. Other 
necessary conditions for the accumulation of oil are, (1) deeply seated 
petroleum bearing rocks of considerable volume, (2) a stratum of porous, 
fissured or channelled rock for storing the accumulated oil and (3) an 
impervious layer of argiljac^ous rock overlying the petroleum bed to pre- 
vent the escape of the oil. 

It is obvious that the oil is not likely to be found at all points along 
the crest of an anticlinal but will be concentrated in the domes or eleva- 
tions caused by secondary upheavals. 

Origin of Petroleum,^ — Much diversity of opinion exists among those 
who have written upon the origin of petroleum. Two principal views are 
held, the first being that it has arisen from chemical and physical changes 
in inorganic material and hence termed the inorganic theory. This view 
is advocated by Berthelot, Humboldt, Mendelejeft*, Moquenne, Byasson, 
Cloez, Buss, Sololoff, Coquand, Grabowski, Hitchcock and others. The 
second is termed the organic theory and holds that the oil has arisen 
through the spontaneous distillation of animal and vegetable remains at 
low temperature, with or without pressure. This view is supported by 
such men as T. Sterry Hunt, Lesley, Orton, Dana, liCconte, Hoefer, Wall, 
Daubree, Ochsenius,* Newberry, Wall, Peckham, Credner, Warren, Storer, 
Engler, Zoloziecki, Sickenberger, Von Kobell, Watson, Smith, Von Buch, 
Bertels, Zincken, Paul, Tietze, C. Phillips, Bedwood, White, Whitney, 
Binney, Hatchett, etc. 

The inorganic origin of petroleum is receiving less and less support as 
the field of chemical investigation is extended while the weight of opinion 
inclines more and more to the view that this substance is derived from the 
decomposition of animal and vegetable remains. W. B. Phillips'^ in his 
recently published bulletin on Texas petroleum reports the results of an 
investigation tending to show the connection of diatoms with oil pro- 
duction and suggests that these low forms of life may have played an 
important part in the formation of oil deposits.' 

• Petroleum Field of Ontario, TrAnaactlon Royal Society of Canada, Vol. V., p. 103. 

* See Vol. V, Part II, Introdnctlon by L. L. Hubbard. 
« Chemiker Zeitang, 18^7, 11, No. 66; 1891, 16, No. 68. 

> W. B. Phillipe. Texas Petroleiim, Balletin University of Texas, 6. 

" For fuller discussion of this subject see above Bulletin, also Vol. V, Michigan Geological 
Survey, Part II, p. xlx. 
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GEOLOGICAL RELATIONS OF THE NORTHERN OIL FIELD. 

Investigations have shown that the Ohio and Canadian gas and oil 
deposits occur on the course of the great Cincinnati anticlinal which 
extends northward from Kentucky through Ohio and western Ontario 
bearing north-northeastward, from about Point Pelee on Lake Erie, 
through the counties of Essex, Bothwell and Lambton. It reaches Lake 
Huron at about Kettle Point and continues under the lake parallel 
with the eastern shore to a point opposite Southampton, when, turning 
a little more to the northeast, it crosses the Indian peninsula parallel 
to another anticlinal that seems to run through Saginaw bay and the gap 
between the extremity of this peninsula and Grand Manitoulin island/ 
Prof. Edward Orton's investigations on the gas and oil discoveries in 
Ohio led him to the conclusion that the Trenton limestone received its 
low arched form along the Cincinnati anticline in that region before the 
succeeding formation was deposited upon it, while the stratigraphical 
relations in the Petrolia and Port Huron fields indicates either that a 
further upward movement took place after the formation of the Dundee 
limestone and before the deposition of the Traverse shales upon it, or that 
in this region there was an extensive coral island formation. It is quite 
possible that both of these agencies combined to give these beds the struct- 
ure and attitude necessary to constitute them a reservoir for the 
petroleum originating in lower lying formations. 

While the Cincinnati anticlinal is, in general, a gentle swell of great 
breadth there occur within its area many minor folds and undulations 
running both parallel with, and transverse to, the general direction of the 
main axis. 

The investigations in western Ontario have shown the existence of a 
number of these minor transverse folds having two principal courses one 
about east and west and the other northwest. The fold in the Dundee, 
shown on Plate IX, at Port Huron is in direct line with the general 
trend of the undulations in the Enniskillen field and evidently constitutes 
a part of the same series, while seemingly another branching off from 
the main axis farther south passes through Mount Clemens. 

THE CANADIAN OIL FIELD. 

The obvious connection of the Port Huron field with the Lambton 
county oil area makes it desirable to preface a description of the former 
with a brief account of some of the wells adjoining Port Huron on the 
Canadian side.® 

"The oil of Lambton county is, in the main, obtained from two distinct 
pools known as the Oil Springs and Petrolia fields, both in the township 
of Enniskillen. The larger of the two — the Petrolia field — with an 
approximate area of twenty-six square miles, extends west-northwest 
about nine miles and east-southeast about four miles from the village of 
Petrolia ; while the Oil Springs field covers two square miles and includes 
the southeastern part of the village of Oil Springs. The pools are divided 
by a very distinct synclinal structure, the upper beds of the Hamilton 

T R. Bell. Transaction Roj-al Society, Canada. Vol. V. p. 105. 

^ For this information we are indebted to H. P. H. Brumraell's Report on Natural Gas and Petroleum 
In Ontario. Geological Survey of Canada, 1882. 



ANNUAL REPORT FOR 1901. 



273 



"(Traverse)" being overlain by the black pyroschists of the Portage 
"(Antrim)" formation; these black shales have at Oil City, between 
Petrolia and Oil Springs a thickness of forty feet immediately beneath 
which is found the upper limestones of the Hamilton (Traverse) series. 

"The black shale is absent at Petrolia ^nd Oil Springs, the surface rock 
underneath the drift at both places being the upper limestone of the 
Traverse series. To the north of Petrolia the black Antrim shales again 
appear overlying the Traverse, at Wyoming, where they have a thickness 
of four feet and at Kingston's Mills, where they are fifty feet thick." 

Petrolia, — A well sunk near the Imperial refinery at Petrolia and 
known as the "Test Well" as published by Mr. Brummell (Mr. E. Raw- 
lings, driller) shows the following record :® 

Test Well, Petrolia.— Elevation 667 feet A. T. 



Surface . < 
Traverse 



1. Limestone (upper). . 

2. Shale 

3. Limestone (middle). 

4. Shale 



Dandee 



6. Limestone (lower). 

6. Limestone, soft... 

7. Limestone, gray... 



Monroe. 



[ 
1 



8. 

9. 
10. 
11. 
12. 



Limestone, hard, white with hard streaks of 
sandstone from two to five feet in thickness. 

Oypsum 

Salt and shale 

Oypsnm 

Salt and shale 



Thickness. 



Depth. 



104 

40 

1.30 

16 

43 

68 

40 

160 



600 
80 

106 
80 

140 



104 

144 
274 
289 
332 

400 
440 
600 



1100 
1180 
12W 
1386 
1606 



El.A.T. 



663 

623 
303 
378 
336 

267 

227 

67 



•438 
•513 
•618 
•608 
•838 



* Below sea level. 

No. 5 is regarded by the Canadian geologists as constituting the base 
of the Traverse (Hamilton) series and 6 and 7 the Corniferous. 

As the upper portion of these limestones are known only as they appear 
in well sections in Eastern Michigan and Western Canada it is evident 
that the attempt to draw a dividing line between the two divisions 
within the limits of a limestone formation, as rep^sented by 5, 6 and 7, 
meets with insurmountable difficulties. The Michigan geologists have, 
therefore, very properly abandoned the attempt at exact correlation of 
these limestones with the Corniferous and have given to them the local 
name of Dundee which is defined to include all limestone beds extending 
down from the shales represented in No. 4, the "lower soapstone" to the 
dolomite or gypsiferous shales of the next or Monroe formation. The 
division between Dundee and the overlying Hamilton beds, which are 
likewise given a local name — the Traverse, is one of the sharpest lines 
we have and can be easily recognized in well borings. The oil is found 
at a depth of from 45 to 135 feet below the top of No. 5, which here has an 
elevation of 335 feet A. T. 

/Sfarnia.— The productive oil territory' extends northwest from 
Petrolia into the southeastern corner of Sarnia township where a number 
of wells have been sunk, the records of which, however, are not available. 

* Compare record of Vol. V, part II, p. 46, showing Dundee at 346 to 376 feet. 

85 
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At Sarnia, which lies in line with the extension of the longer diameter 
of the Petrolia field, several wells have been sunk in which gas in small 
quantities was obtained but no oil. Following is a record of Dickens 
well located in the southern part of the town near the corner of Rose and 
Tecumseh streets,^^ 

Dickens Welly Sarnia, — Elevation about 590 A, T. 



Glacial 



Traverse 



1. Surface deposit. 
( ^nd and (^lay 130. 



Hard pan 66. 
Gravel 16... 



'2. Limestone. 

3. Shale 

4. Limestone. 

5. Bhale 



Dundee 6. Limestone. 



Thickness. 


Depth. 


200 


200 


90 


290 


100 


390 


6 


395 


68 


463 


mm 


640 



El. A. T. 



390 



300 
200 
105 
127 

60 



This well is remarkable in showing the absence of the Antrim shales 
which at Port Huron, just across the river, are 82 feet thick in Wells 
bore hole (No. 12 in Vol. V of the Michigan Reports) and thicken rapidly 
westward to 183 feet at the Junction well. 

Evidently the Dickens well marks the location of an extensive pre- 
f?lacial channel possibly representing the ancient Huronian river. The 
top of the Dundee limestone has here an elevation of 127 feet thus 
showing a westward pitch of the fold of 208 feet between this point and 
Petrolia. 

Another well at King's gristmill, drilled in 1875 by M. E. Rawlings, 
gave the following record: 



\ 



i 



f 



King's Gristmill wclh Slarnia, — Elevation 589 A. T, 



Glacial 



1. Surface deposit. 

Sand 9 

Blue clay 109... 
Hard pan 2 



Antrim 2. Shale, black. 



Traverse 



C 3. Limestone 

4. Shale 

6. Limestone 

L 6. Shale 



Dundee 
Monroe . 



7. Limestone 

S. Limestone, grey. 



9. Limestone, hard 

10. Limestcme, hard and flinty 

11 . Limestone with gypsum . . . . 



Thickness. Depth. Bl. A.T. 



120 



36 



• Below sea level. 

10 As given by Mr. Bnimmell (H. Mitchell, driller.) 



120 



156 



469 



433 



30 

263 

5 

40 


186 1 

449 ; 

454 I 

494 1 


403 

140 

135 

96 


60 
100 


564 1 

6W, 


36 
•66 


546 
200 
105 


1200 
1400 
1505 . 


•611 
•811 
•916 
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Oil was not observed, but gas in small quantities was found- at 400 feet 
and cased off. 

This well is located about one and one-half or two miles north of the 
Dickens well and shows the presence of 36 feet of Antrim shales. The 
surface of the Dundee has an elevation of 95 feet or 32 feet lower than 
in the other well, 

Courttcright. — A well at Courtwright, about 10 miles south of Sarnia, 
gave the following record as furnished by Mr. E. Rawlings, driller, and 
published by Mr. Brummell : 

Courtwright ivell — Elevation above tide 588 feet. 



^^^**' } 2. Hard pan 

Antrim 3. Shale, black 



( 1 . Surface sand and clay 
1 2. - 



Traverse 



{t: 



Limestone 

Shale and Limestone. 



Dunaee { ?! ilSrsSSI; ^'J' 

'\ 10. 



Monroe. 



Limestone, hard, white. 

Sandstonet 

Limestone 

11 . Limestone and gypsum 

12. Salt 

13. Gypsum 



Thickness. 


Depth. 


132 


132 


28 


160 


32 


192 


40 


232 


310 


642 


60 


692 


100 


602 


370 


1062 


32 


1094 


400 


1494 


136 


1690 


22 


1662 


13 


1666 



El. A. T. 



456 
428 
395 

366 
46 

•4 

•104 

•474 

•506 

•906 

•1042 

•1064 

*1077 



• Below sea level. 

t Probably dolomite (B). Sylvania (L). 



In this well the top of the Dundee is found at 40 A. T. or 81 feet below 
its position at the Dickens well. It is evident that the fold passes through 
the south part of Sarnia, its summit being at or a little south of the 
corner of Rose and Tecumseh streets. 



THE PORT HURON FIELD. 

The only wells that have yielded oil in the Port Huron area are located 
on what is known as the (Goodrich property in the western part of the 
city. They belong to the Michigan Development Company, of which Mr. 
G. B. Stock is the manager. Sixteen wells have been sunk, the larger 
part of which are pumped, yielding altogether about forty barrels a week. 
Those interested in the question are firm in the conviction that a larger 
pool exists somewhere in this region and are persistent in their attempts 
to locate it. 

The Bailey and Stock wells are located near together and correspond 
closely in their records. The following, furnished by Mr. G. B. Stock, 
is a typi(»al record of the wells in the Goodrich field: 
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The Stock icells. — Port Huron, 
Location, S. y., N. W. Vi, See. 9, T. 6 N., R. 17. Elevation 605 A. T. 



Glacial 1. Blue clay... 

Antrim 2. Black shale. 



Traverse 



^3. 

4. 
5. 
6. 

17. 



Limestone (tou) 

Soapstone, ooit 

Limestone (middle). 
Slate or shale, dark. 
Soapstone 



Dundee. 



8. Limestone^ sandy . 

9. Limestone 



Thickness. 



100 
87 

43 
70 
15 
86 
120 

47 
33 



Depth. 



100 
187 

230 
300 
316 
400 
620 

567 
600 



El.A.l. 



50S 

418 

375 
305 
2fl0 
206 
185 

38 
05 



The limestone No. 8 is the oil bearing stratum. The surface of the 
Dundee here has an elevation of 85 feet A. T. From this point the beds 
slope toward the northeast and to the west and south. Toward the south 
and west the slope is apparently pronounced, as shown by the following 
wells which are evidently located on the southwestern limb of the 
anticline. 

Bailey well No. 1. — Port Huron. 

Location 500 N., 1000 W., Sec. 9, T. 6 N., R. 17. About 1/2 mile south- 
west of the Stock wells. P^levation about 605 A. T. 

(Plate 48, Vol. 5, Mich. Geo!. Survey.) 



I 

i 

i 

r 



Thickness.' Depth. 



Glacial 1- Surface 

Antrim 2. Black shale 



^3. 
4. 
6. 

Traverse -^6. 

7. 
8. 



Streak hard argillacieous limestone with Fes. . . 

Soapstone (argillaceous marl) 

Limestone (top) blow of odorless gas at 280 

Soapstone (argillaceous marl) 

Limestone (middle) 

Soapstone with streaks of limestone at 618 and 
626 



Dundee 9. Limestone (lower) 



• Below sea level. 



100 
100 

2 

16 

80 

147 

9 

90 
126 



100 
200 

202 
217 
297 
444 
463 

543 

668 



El. A. T. 



606 
406 

403 
388 
306 
161 
162 

62 

•63* 
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Orand Trunk Junction well, — Port Huron, 

Location at Grand Trunk Junction, near the N. E. corner, Sec. 18, T. 
6 N., R. 17 E. Elevation 618 feet A. T. 

(Plate 64, Vol. 6, Mich. Geol. Survey.) 



Kl. A.T. 



Glacial 1. Surface 

Antrim 2. Black shale, small amount of gas at 300. 



Traverse 



(3. L, 

J4. S< 

16. L 

16. S< 



3. Limestone (top) 

Soapstone 

~imestone (middle). 
Soapstone 



Dundee 7. Limestone (lower) 



Thickness. 


Depth. 


124 
183 


124 
307 


128 

77 

8 

106 


436 
612 
620 
626 


147 


772 

1 



494 

311 

183 

106 

98 

•7 

•164 



* Below sea level. 

Black water was encountered at 680-685 and salt water at bottom. A 
show of oil appeared at 710. 

Marysville well. 

Location four miles south of Port Huron, on the Bunch farm, put down 
by Church & Co. Elevation about 600 feet A. T. 

(Plate 40, Vol. 6, Mich. Geol. Survey.) 



Glacial n* ^^*y 

^'**^'** }2. Gravel(dry) 

Antrim 3. Dark blue shale, streaks of black 

Tr&vprM 5*- Gray limestone 

ira> erse j g Argillaceous marl thinly laminated and fissile. 

Dundee i ^' ^^^^^ limestone, porous, indications of gas... . 
I 7. Limestone, grey 

Mnnmn / *' Limestone, Sandy 

"*'°"'® } 9. Limestone, dark grey, hard in pla 



kces. 



Thickness. 


Depth. 


107 
3 


107 
110 


188 


296 


97 
193 


306 
588 


37 
390 


626 
1016 


80 
65 


1096 
1160 



Kl. A.T. 



493 
400 

302 

206 
12 

•25 
•416 

•496 
•650 



• Below sea level. 

Salt water was encountered in No. 7 at 745 and mineral water at 817, 
970 and 985. The upper part of these limestones probably belongs to 
the Dundee. 

About % of a mile southeast of Wadham's station, on the farm of 
Mr. Fair near the railroad track, a well was sunk by Mr. G. B. Stock who 
furnished the following record: 



\ 
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Tlie Fair well. — Wadham^s Station. 
Location S. E. Vi, Sec. 2, T. 6 N., R. IG E. Elevation about 655 feet A. T. 



^***^*** \2. Blue clay 

Antrim 3. Black shale 



( 1. Surface gravel. 
}2. ~ 



Traverse 



'4. Limestone (top) 

J 6. Soapstone 

] 6. Limestone (middle). 
J. Soapstone 



Dundee 8. LhneBt<me (lower). 



Thickness. 


Depth. 


4 


4 


110 


114 


122 


236 


230 


466 


105 


271 


45 


616 


95 


711 


122 


833 



El. A. T. 



661 
541 
419 

189 
84 
39 

*66 

•178 



• Below sea level. 

No gas or oil was found in this well. 

A well sunk by Mr. G. B. Stock on the farm of F. A. Beard, ten miles 
northwest of Port Huron, gave a heavy flow of mineral water at 140 feet, 
another of brine at 587 feet with a slight show of oil at 813. The record 
of this well, which is located in the valley of Black river at the mouth 
of Mill creek, was furnished by Mr. Stock. 

Beard's well, — Abhottsford. 
Location near S. E. Cor. Sec. 8,T. 7 N., R. 16 E. Elevation about 655 A. T. 



Glacial {2. Toucrh blue clay 



1. Marly clay. 
3. Wa% gravel . 



Antrim 4. Black shale 



"5. Limestone (top) 

T^verso J ?; £|r8rn.(mldiie): 

^8. Soapstone 



Dundee 9. Limestone (lower) 



Thickness. 


Depth. 


30 
86 
22 


30 
116 
138 


100 


238 


217 

122 

4 

166 


455 
677 
581 
737 


96 


833 



Kl. A. T. 



62S 
638 
617 

417 

200 
78 
74 

•82 

•178 



• Below sea level. 

A heavy flow of water of excellent quality which came out with consider- 
able force when flrst struck was found in gravel (No. li) at the base of the 
surface formation. This well was still flowing in considerable volume at 
the time of our visit. Instead of coming up the pipe the water had forced 
its way up outside and had made a considerable opening all around the 
pipe. Bubbles of gas were constantly given otf by the water as it boiled 
up from below. The *^top limestone'^ shows unusual thickness in this well 
and in the Shaw well hereafter described. 

The westward descent of the Dundee is well shown here, the surface 
lying at 82 feet below the sea level while at the Stock wells in Port Huron 
it is 85 above, a difference of 167 feet. At the Fair well there is a 
descent of 141 feet, at the Junction well 02 feet, while at Marysville it 
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is 73 feet. At the Bailey well (No. 1) the surface of the Dundee is 23 
feet lower than at the location of the Stock wells though the distance 
between them cannot exceed one-half mile. 

Westward from Beard's well the inclination of the beds evidently con- 
tinues as shown by the well put down at Valley Centre, in Sanilac county, 
which stopped in '^top limestone" at a depth of 876 feet. This well was 
put down by a local stock company of which David Murray is manager. 
The record was furnished bv Mr. Lewis Hvdorn who assisted in the 
drilling : 

Valley Centre tcell. 

Location S. E. i/i, N. E. V^, Sec. 27, T. 9 N., R. 13 E. Elevation 805 A. T. 




1. Red sand and loam 

«i««w -i i: X"!'""^:::::::::::::::::::":::::::::::::: 

4. Sand and gravel with plenty of pure water.. 



Margtaall 



( 6. S 
i 6. '* 
I 7. » 



Sandstone 

Conglomerate**. 
Sandstone 



8. Slate (blue shale) 

Coldwater ^ 9. Soapstone 

10. Slate 



KnrAo 5 11 • Limestone 

"®*^®* } 12. Sandstone. 



Antrim 13. Shale changing to soapstone below. 

Traverse 14. Limestone 



El. A.T. 



5 
90 
22 
32 

6 
20 
30 

10 
176 
160 

10 
20 

272 
35 



6 

96 

117 

149 

164 
174 
204 

214 
389 
639 

649 
669 

841 
876 



800 
710 
688 
666 

661 
631 
601 

691 
416 
266 

266 
236 

*86 
•71 



•Below sea level. 

The formations 5, 6, 7 here indicated as belonging to the Marshall group 
may be the equivalent of the Richmondville sandstone within the Cold- 
water series. Assuming a thickness of 400 feet for the Traverse here, it 
is evident the Dundee would be found at a depth of about 1241 feet or 436 
feet below sea level. From this it appears that the descent of the Dundee 
limestone between Port Huron and Beard's is about WVofeet per mile, 
while between Port Huron and Valley Centre the top of the Traverse 
shows a westward descent of 15 feet per mile, a reasonably close corres- 
pondence. 

Turning now to the wells northeast of the Stock area we find a descent 
of the beds in that direction, though not so marked, indicating that the 
few wells put down here are near the broad summit of the anticline. 

A well was put down by F. L. Wells some years ago, the record of which 
was published in Volume V of the Michigan Geological survey. This 
well is located about a mile east (and a little north) of the Stock wells 
on the bank of Black river a short distance above Seventh street bridge. 



J 
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WelVs Bore Hole. — Port Huron. 

Location, bank of Black river opposite Kern's Brewery.* Elevation 
585 A. T. * 

(No. 12, Plate 67, Vol. V.) 



Glacial 1 . Bnrf ace, mostly clay. . 

Antrim 2. Black slate and shale . 



Txaverse 



r 3. Limestone (top) 

J 4. Soapstone with seams of limestones. 

Limestone 

Soapstone. 



] 6. Limestone (middle). 

L 6. - 



Dondee 



( 7. Limestone (lower) cherty at top with show of 
' ( oil and gas 

^ 8. Dolomitlc limestone with indications of salt 
and gypsum 



Monroe. 



9. Marl and marly limestone 

10. Hard dolomitic limestone 

11. Bluish black marl with g\-p8um 

12. Hard dolomitic limestone with show of brine 

and oil 

13. Argillaceous marl with streaks of dolomitic 

limestone and gypsum 

14. Hard gray calcareous sandstone. (Oriskany?). 

16. Bluish black argillaceous marl 

16. Dolomite and gypsum. 

J7. Alternating beds of salt limestone and shale. . 



Thickness. 



102 
83 

106 
226 



133 



(» 
64 
76 
68 

42 

206 

96 

10 

300 

130 



Depth. 



102 
185 

290 
616 



648 



716 
770 

846 
903 

946 

1160 
1246 
1265 
1565 
1686 



EI. A. T. 



483 

400 

29& 
70 



•63 



•131 
n85 
•280 
•318 

«360 

•66^ 

•660 

•670 

•970 

•1100 



•Below sea level. 

At the top of the Traverse was found a thin bed of shale overlain by 
a streak of hard argillaceous limestone containing FeSj. 

At the time of our visit a well had just been completed on the Sweitzer 
property about a mile and a half north of the Stock wells, by L. W. Holt 
for a stock company. The record of this well as furnished by Mr. Holt 
follows : 

Sweitzer well, — Port Huron. 

Location S. W. 14, Sec. 33, T. 7 N., R. 17 E. Altitude about 610 A. T. 



Thickness. 



Depth. 



)i: 



Soil and sand 

Clay 

Hard pan and marl . 



Glacial 

Antrim 4. Black shale 

Traverse 

Dundee 7. Limestone (lower) 



6. Limestone, white with thin strata of soap- 
stone 

6. Soapstone 



6 

100 

16 

100 



60 

278 

62 



6 
106 
120 

220 



280 

668 

620 



El. A. T. 



606 
606 

490 

390 



330 
62 

•20 



• Below sea level. 



There was a show of oil at 558. The well was shot at 568 and a small 
amount of oil obtained. Another well (No. 2) was in progress a short 
distance from No. 1. This well, as also the Wells boring, reaches the 
Dundee at a slightly lower level than the Stock wells but all are evidently 
not far from the crest line of the fold. 



• Where wells have been put down for water. 
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A little more than four miles north of Sweitzer's on the farm of Mr. 
Shaw, a boring was made by G. B. Stock who furnished the following 
record : 

Shato well. — Fort Oratiot totonahip. 

Location S. E. i/4, Sec. 8, T. 7 N., R. 17 E. Altitude about 600 A. T. 



El. A. T. 



QUiclal 



' 1 . Sand and gravel — 

2. Purple clay or mud. 

3. Gravel 

^ 4. Blue clay 



Antrim 6. Black aliale 

4 



6. Limestone 

Tmveme J '^' Soapstone 

xTaverse ^ g Limestone (middle). 

9. Soapstone 



Dundee 10. Limestone (lower) 



Thickness. 


Depth. 


5 


5 


30 


36 


3 


38 


79 


117 


46 


162 


203 


366 


95 


460 


16 


476 


66 

• 


640 


116 


665 



605 
665 

662 
483 

488 

235 

140 

125 

90 

•65 



* Below sea level. 

This record shows an unusual thickness of the "upper limestone" 
(No. 6) while the soapstone is proportionately decreased in thickness. A 
showing of oil was claimed to appear here at 557 but no effort was made 
to develop it further and the well was abandoned. 

Northward from this point the beds descend and other rocks appear 
overlying the black shale. At Papst's well three miles south of Lexing- 
ton there are 252 feet of shales including a thin bed of limestone above 
the black Antrim shale. The record of this well furnished by the driller 
is of doubtful utility for purposes of correlation, and is not given here. 

The accompanying map (not printed, open to the inspection of those 
interested. L.) shows the configuration of the surface of the Dundee lime- 
stone as nearlv as it can be determined from the data available. From 
this it will be seen that the crest of the fold is marked by a line passing 
northwestward through the southern and western portions of Port Huron 
then veering northward. The fold plunges steadily in the direction of its 
course while to the westward it is bordered by a synclinal trough which 
likewise descends to the north and west. The wells at Mt. Clemens and New 
Baltimore^^ show another fold coming in from the southeast. 

While the information derived from additional well borings will 
undoubtedly call for modifications of this map in details it is believed 
that in its essential features the surface of the Dundee limestone will be 
found as here represented. If correctly represented it is evident that oil 
must be sought along the crest of the Port Huron fold. 

As the fold plunges to the northwest the tendency of the oil would be 
to seek the highest points and hence would follow the rock toward the 
southeast unless intercepted by transverse depressions. Thus far no 
indications of "pools" have been found. 

" See pp. 221 to 223. 
86 



{ 
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The following paper on the erosion of the shore just north of Port 
Huron which was taken up by Dr. Gordon incidental to his work on the 
Port Huron oil field, has interest in a number of ways. In the first place 
the actual commercial loss of land is not inconsiderable. Much of the 
fine clay, however, is doubtless swept down the Saint Clair river and 
reappears in the gain of the Saint Clair flats. Again we have interesting 
data to be applied elsewhere upon the possibilities of erosion of the till. 
While the effect of the rise and fall of the lake level is very marked in 
hastening or retarding erosion, in the period used the lake level was 
about the same at the beginning and at the ending. It will be noticed 
that the rate of erosion found is in harmonv with that found in the 
Huron county, so that the estimates as to the length of time that erosion 
has been taking place at or near the present level will not need to be 
materially modified. It is, however, quite likely that when the bluffs were 
thickly wooded the trees, as they were undermined and slid down, would 
greatly protect the bank from erosion. This is indicated by the greater 
erosion during the later period. 



WAVE CUTTING ON WEST SHORE OF LAKE HURON, 

SANILAC COUNTY, MICHIGAN. 



BY C. H. GORDON. 



At various places along the shore in Sanilac and Huron counties the 
encroachment of the lake upon the land is proceeding at an appreciable 
rate. In Sanilac county there are a number of reaches where the water 
breaks fairly against a bank twenty to twenty-five feet high, composed of 
boulder clay overlain occasionally by the stratified sand and gravel of 
abandoned beaches. As some of these localities indicate that shore 
destruction has gone on practically unhindered by artificial means since 
the settlement of the region it was suggested by State Geologist, A. C, 
Lane, that a study of a typical locality might afford data from which a 
quantitative estimate of the encroachment of the lake in recent times 
could be derived. 

LOCALITY. 

Accordingly during the summer of 1901 a site was selected 3^/^ miles 
south of Lexington which seemed to offer especially favorable opportun- 
ities for this investigation. The shore here forms the eastern boundary 
of the Haywood estate (Figures 5 and 7) comprising the S. y^ o^ the S. i/^ 
of section 18 and the N. Vo of the N. % of section 19, T. 10 N., Ry 17 E., 
where it was evident no effort had been made by cribbing to prevent the 
cutting away of the land. At this point the direction of the shore line is 
S. 17° E. with a slight bend to the west. The vertical escarpment is about 
twenty feet high composed wholly of glacial till. At the southeastern cor- 
ner (G on Fig. 5) sand and gravel appear over the clay thickening toward 
the south as the shore line cuts diagonally across the old beach to which it 
belongs. Behind this beach line a small ravine or dry run comes in from 
the south while another intersects the bluff 40 rods north of the south 
boundary line. The land has been cleared and under cultivation for 
many years. 

A distinct impression of recency in lake encroachment is gained by 
observing in places plow furrows cutting straight out to and across the 
edge of the bluff. At one point three distinct stages of cultivation were 
noted. First the oldest plow furrows at right angles to the bank extend- 
ing clear out to the edge, the corresponding north-south furrow having 
been removed by the waves. Second, outermost furrows parallel with 
the cliff and within six feet of the edge, a position it would be impossible 
to reach by the plow at the present time. Third and last, with the outer- 
most furrow about ten feet from the edge. These stages are all clearly 
defined and indicate a distinct encroachment of the lake between each 






\ 
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period of cultivation. Opposite the north boundary of this estate at E, 
Mr. Papst, who owns the property on the north, has placed a crib of logs 
which has checked shore wash here and inaugurated a stage of land 
building. 

The Shore Line. — The shore line at this point belongs to the type 
designated by Lane in the Huron county report^ as the cliff and shingle 
type. In this case the cliff, with vertical inclination about 20 feet high, 
is composed of boulder clay. Farther south the shore line intersects an 
old beach, the Algonquin, the top of which is 20 to 25 feet above the 
present lake level. This is one of the most pronounced beaches of the 
series described in the Huron and Sanilac county reports. South from 
this point it appears as a well developed ridge or belt of sand and gravel. 
Northward in Sanilac county it appears only in isolated stretches having 
for the most part been cut away by the encroachment of the lake. Plate 
XV represents the beach cliff at a point about one-fourth mile south of 
the Haywood estate. At this point the stratified beach deposits rest 
upon the boulder clay which to the north constitute the whole cliff section. 
The plane of contact between the beach deposits and the underlying clay 
is marked by pieces of coniferous wood in the form of logs and stumps of 
various sizes. One of these is seen projecting from the bank to the right 
of the hat in the left foreground of the picture. About a hundred yards 
south of the place where this view was obtained the surface of the clay 
descends to near lake level and logs and stumps of considerable size, 
evidently washed out of the bank, strew the shore. 

Stratification of Clay, — Owing to the recent removal of material the 
face of the cliff is remarkably fresh and offers excellent opportunity to 
study the character of the deposit. Exclusive of the 18 inch soil horizon 
on top, there are three well marked divisions in the clay all characterized 
by more or less clearly marked stratification planes. Following is the 
section taken here : 

Feet. In. 

1. Soil — top loam 1 6 

2. Light colored, or drab sandy clay. Rather obscurely but 

\, evenly and regularly stratified : pebbles mostly of small size 9 

(a) Between this and the underlying clay is a brownish 
I band, in places consisting of yellowish sand, filling 
k irregular depressions in the lower clay. This appar- 
ently represents a soil horizon. Thickness 6 in. to 1 ft. 

r 3. Blue clay, darker and more compact than No. 2. The stratifi- 

cation is well marked and fairly regular. It is well shown 
in Plate XII. The contact between this and the overlying 
division is marked by a more or less clearly defined uncon- 
r formitj'. The clay is distinctly jointed and contains more 

' numerous and larger pebbles, many of which are distinctly 

striated. Thickness 7 

4. Below No. 3 there is exposed four feet of darker blue and 
still more compact clay, stratified, the layers being decidedly 
contorted. It is separated from No. 3 by a well marked seam 
or crack but shows no appearance of a soil horizon. The 
surface of this lower clay bed is irregular but the layers of 

1 Lane, A. C— Geological Report on Huron County, Michigan.— Geological Survey of Hiobigan, Vol. 
Vllf p. 40. 
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the overlying bed fit conformably -into the depressions. The 
boulders in this bed are prevailingly of dark crystalline rock 
and are, for the most part, subangular in outline and often 
planed and striated. Thickness exposed 4 







.The three divisions, 2, 3 and 4, are clearly marked and for the most 
part can be readily recognized in Plates XI to XIII. They undoubtedly 
mark three distinct stages in the advance of the ice sheet. The compact 
contorted condition of the lowermost division shows the effect of the 
overriding of the ice in its next forward movement. In No. 3 the effect is 
much less, indicating that the movement was much less pronounced. 

FIRST SURVEY, 

The land survey notes on file at the county court house, Sanilac Center, 
show that the original survey was made by Lewis Lyon, deputy surveyor 
in 1823. Following is a transcript of the field notes of the meander of 
the east boundary of sections 18 and 19, T. 9 N., R. 17 E., beginning at 
point where north line of section 18 intersects the lake : 



Direction. 


Distance 
cbaine. 


Remarks. 


816E 


41.00 


At 39.60 a stream 26 links wide enters from N. W. 


Slow 


3.50 




SITE 


11.00 




SUE 


42.60 




8S3E 


3.00 




822B 


6.60 




S18E 


4.60 




S2E 


2.90 


To corner of fractions 18 and 19. 


S27E 


3.50 




S13E 


12.00 


t 


B26E 


16.00 




840E 


6.00 




B15E 


12.00 




B30E 


8.00 




S13E 


9.00 




812i£ 


20.97 


To fract. comer of 19 and 30. 



Starting from the northwest corner of section 18 the distance to the lake, 
according to the Lyon's survey, was 24.50 chains. From the southwest 
corner of section 18 on line between 18 and 19, the distance to the lake 
was, according to same survey, 46 chains, and along the south line of 
section 19 it was 73.70. The meander of the shore according to these 
measurements is shown on the accompanying map. 

RESURVEY. 

To obtain exact data for an estimate of rate of shore cutting a survey 
was made by us with the assistance of county surveyor, Thomas Nicol, 
with the following results': 

Starting from the southwest corner of section 18 the distance to the 
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lake (A B) was found to be 38.60 chains instead of 46 as shown by the 
survey of 1823. In Lyon's field notes, a hemlock 26 inches through 
occurred at 15.95 chains from corner. The stump of this tree was found 
bv us at 15.90. 

One-fourth mile north along quarter section line bounding the Haywood 
property on the north (D E) the distance to the lake measures 33.71 
chains while that on the south (F G) in like manner measures 46.76 chains. 

Starting from the point where the north quarter section line meets the 
lake the meander of The shore line for the half mile bounding the Haywood 
farm is as follows : 



Direction. 


Distance 
chains. 


Remarks. 


S2W 


2.73 




S12E 


6.85 


At 1.76 a small run. 


S17E 


2.28 


* 


822£ 


3.87 




S17E 


16.62 


To elm tree. A small ravine enters from west at 7. 


S24£ 


9.86 


Stake set. Bluff 30 links east. Ravine 9 links west. Small stream enters ]ak& 
from south at 7.85. 



MAP SHOWING 

Destruotion of 

^ SHORE X.INE 

Worth Tp. 

Sanilac Co. Mich. 

Sees. 18 Hud 19. 

T.9N.,R.17E. 




SCALE 1 MILE=4 IN. 



C. H. Gordon. 



Fig. 5. Sketch map showing the advance of lake Huroiv, in Worth township, Sanilac 
county, Mich., at an average rate of 6.7 feet per annum. 

The estate of Clark Haywood of Cleveland owns the south part of the south part of Sec. 
18 and the north part of the north part of Sec. 19. 
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RATE OP WASTE. 

The shore according to this 1901 survey is shown on the map, Fig. 5, 
in connection with that of 1823. According to the original survey the 
Haywood estate contained 184.90 acres and this is the size of the farm 
as indicated on the county maps. The new survey shows an area ol 
157.65 acres. It appears therefore that 27.25 acres of land have been 
removed by the lake in the 79 years intervening since the first survey,, 
or an average of .345 acres per annum. The total average recession of the 
snore line within the area under consideration is 6.81 chains or 449.46 feet 
an average recession of 5.7 feet per annum.- 

Old Government Road. — According to Mr. R. Papst, the old government 
road from Port Huron to Port Austin followed the lake shore here at a 
distance of several rods. Well marked traces of this old road can be found 
on Mr. Papst's farm. This road can be traced to where it crosses the 
edge of the bank 40 rods north of the north boundary of the Haywood 
estate and again on the south where it appears following the strand line. 
Near this point it is said that an orchard existed on the side toward the 
lake but its site has now entirely disappeared. On the Hayrvood estate 
the road lay entirely outside the present shore line as indicated on the 
accompanying chart. 

Material removed, — The cubical contents of the portion of land Removed 
equals the volume of a block 2,640 feet by 449.46 feet by 20 feet, in which 
the average height of the missing portion is taken to be the same as that 
of the present bank, a conclusion warranted by the appearance of the 
ground slopes. This yields 878,944 cubic yards of earth, an amount 
suflQcient to cover an area of 545 acres to a depth of one foot, or an average 
of 6.9 acres per annum-. According to the Ignited States survey charts 
the area of Lake Huron is 22,322 square miles and the average depth of 
water about 200 feet. The length of coast line is about 500 miles. Assum- 
ing a uniform rate of cutting and filling, corresponding to that found 
above, it would take about 4,000 years to cover the bottom of the lake 
to an average depth of one foot or about 800,000 years to complete the 
filling of the lake. But the rate of cutting here is probably a maximum 
(}r at least more than the average and hence, on this assumption, a still 
longer time of stable conditions would be necessary to bring about the 
complete filling of the lake. The changes going on in the lake region 
make it evident that long before that stage is reached the lake will have 
lost its waters possibly in jiart through the I'eopening of drainage dowi 
the Illinois valley. 

Ol^HER HISTORICAL DATA. 

Old residents at T^exington remember when wave cutting was proceed- 
ing along the village shore at a rate approximating nearly a rod per 
year. The greatest cutting took place during the years of high water, 
in 1S70 and '71 and in 1885 and \86. In the former years the lake was 

9 An egttmate by planlmeter and scale from tbe fleld sheeta of tbe Lake Sarvev (pbotograpbed in Fig. 
6) shows tbat at the time of that survey, August and September, 1859, tbe south line of Sec. 18 was about 
44 chains long, tbe old road referred to below being shown as continuous on the map. The area of the Hay- 
wood estate was then about 17(1 acres. This implies a waste of 9 acres or 4. 18 feet per annum in the 36 
years from 1823 to 1869, and about 18 acres or 7.2 feet per annum in the 47 years since from 1860 to 1902, 
the greater rate of erosion in the later interval, being I suspect due to the removal of the forest pro- 
tection L. 
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uiideroutting the bank south of the mill at the foot of Huron avenue. The 
most extensive cutting took place opposite the Lucia property just outt^^de 
the village limits on the south. It is related that during' the years of 
high water, twenty years ago, a coal barge was driven ashore opposite 
the latter place in such fashion that the nose of the vessel was squarely 
against the bank with bowsprit extending out over the laud. The position 
where the boat lay is now dry land. Of late years accretion has been 
going on at a rate of 10 to 80 feet per year. The amount thus gaine<l 
at the foot of Huron avenue is 244 feet. 

Previous to 30 years ago cutting was quite general all along the shore 
but since that date it has been to a considerable degree checked wherever 
cribs have been put in.* 

3 We are indebted to Judge Beach and R. Papst for the data referring tn conditions in former years. 

4 The changes just north of Port Huron have been subject matter for a complicated law suit, the 
decision upon which we do not yet know. 
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ILLUSTRATIONS. 

PLATK XI. 

('lay Cliff and Shingle Shore line. 

View looking south from north line of Haywood estate. The threefold character of the section can 
be recogpnized. The soil horizen separating the upper and middle divisions can be readily dis 
tlnguished. 

PLATE XII. 

View looking north in same locality. The stratifleation planes in the middle division are plainly 
shown. 

PLATE XIII. 

A Cave In. The tumbled masses in the foreground are blo<!ks of clay fallen from the cliff in the 
time intervening between two visits to the locality. With the coming of a storm the waves will dash 
upon the shore and soon reduce these masses to a pulverized condition, dropping the boulders and peb> 
bies upon the beach and carrying the finer material away to settle in deep water beyond the action of 
the waves. Through undercutting by the lake the tree has been thrown from its perpendicular atti- 
tude but with noble persistence has sought to regain it. 

PLATE XIV. 

Where the Waves Work. A general view looking northward from the top of the cliff on the farm 
south of the Haywood estate, snowing the nearly flat country behind the cliff. 



PLATE XV. 

luin Beach and underlying days. A 
center of 



Algonquin Beach and underlying clavs. At the contact of the two near the hat at the left of the 
enter of the picture, a small tree trunk may be seen projecting from ttie bank. 
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N. B.—Thci names of shells of the marls on page 138, and of fossils between pages 161 and 210 are 
not indexed. 
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